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THE MARTIN NIGHT BOMBER 





THE MOST IMPORTANT AERIAL DEVELOPMENT 
OF THE WAR 


Officially, it has surpassed the performance of every 
competitor. 


















The forerunner of the wonderful 


AERIAL FREIGHTER and 
TWELVE PASSENGER AIRPLANE 


The skill 2nd ability cf tte HOUSE OF MARTIN con- 


tinue tc maintain Supremacy of Performance and Depend- 
ability which they have held since 1909. 












THE GLENN L. MARTIN COMPANY 


CLEVELAND 


Contractors to the United States Government 
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Since the signing of the Armistice 
the demand for quantity produc- 
tion of Airplane Rearinse has been 
less acute. 


This company has turned the attention of its 
engineers to the production of marine and 
other internal combustion engines, and rail- 
way motor Cars, 


These later productions are prov- 
ing as successful as Hall-Scott 
Airplane Engines, 


Hall-Scott 
Motor Car Company 


Executive Offices 


Crocker Bldg., San Francisco 


Plant 
West Berkeley, California 
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The builders of Hartzell Walnut 
Propellers have dealt exclusively in 
walnut for the past fifteen vears. 
Our mills are located in the heart of 
the choicest walnut forests in the 
country. 


In keeping with the quality of our 
raw material, we maintain an Eng1- 
neering Department, the personnel 
of which is expert in the designing 
of airplane propellers. 


We stand ready at all times to aid 


manufacturers in the design and 


construction of efficient propellers. 


HARTZELL WALNUT PROPELLER COMPANY 
PIQUA, OHIO 


“ Builders of propellers of proven performance” 
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Factory New York Office 
Keyport, N. J. Times Bldg. 


In Addition to Military and Sporting Requirements 
THE AEROMARINE PLANE & MOTOR COMPANY 


Will Specialize in the Development and Production 


of 


Commercial Airplanes and Motors 


for 


The Transportation of Passengers and Freight 


Our engineering department is at your service for consultation on aerial transportation problems. 
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THE FUTURE OF FLYING 
DEPENDS ON RELIABILITY 


The first and only direct 


ATLANTIC FLIGHT 
1880 Miles at 117'4 Miles an Hour 


Accomplished by 


Vickers-Vimy with two Rolls-Royce Engines 


A significant fact 


Every British Manufacturer Who Entered an Aeroplane 
in the Trans-Atlantic Flight Selected Rolls-Royce Engines 





ROLLS-ROYCE AERO ENGINES LIKE ROLLS-ROYCE CARS 
THE BEST IN. THE WORLD 


ROLLS ROYCE 


15 BROAD STREET, NEW YORK 
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Perfect Materials 


fit to endure the strain which an airplane propeller must undergo 
are chosen for their exacting purpose from large stocks of fine 
mahogany and walnut kept by the Unit Construction Company to 
supply the demand for its fine wood work. [n all 


Unico Aircraft Products 


the same standard of quality in materials is insisted upon. Unico 
propellers, flying boat hulls, wings, fusellages, or complete airplanes 
are dependable to the utmost, because the raw materials are right. 


You are invited to correspond with us on your needs. Our engineer- 
ing department is at your service. 





SYSTEM 


UNIT CONSTRUCTION COMPANY 


Rayburn Clark Smith. President 


NEW YORK 58thStreet & Grays Avenue CHICAGO 
ener ait St PHILADELPHIA Lyon £ Healy 


BOSTON: 85 Essex Street 
SAN FRANCISCO: Holbrook Building 
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THE ONLY 
SCREW HOLES 
IN THE WORLD 








You drive the screw holes with a hammer in any 
material. 

The screw holes are made for wood screws or 
machine screws to fit all sizes of screws. The head 
is removed and you leave a permanent screw hole. 


The Stine Screw Holes Co. 





Once a Screw 
Hole, Always 
a Screw Hole 














Manufacturers 


The Biggest 
Little Thing 
an the World 


WATERBURY, CONN, U. S. A. 





DEPARTMENT ’. 








Some of the Reasons Why Screw Holes Will Be Bought and Used and Not Become 
Dead Stock for Anyone 


1—They can be used without damage to receiving 
material. 

2—They enable you to standardize to wood or ma- 
chine screws in all material. 


3—They are made of brass and will not rust under 
atmospheric or moisture conditions. 

4—ECONOMY—They save more time value than the 
holes cost. 

5—You get them for nothing and are paid for using 
them when you count t-me saved. 

6—Screw holes have been needed ever since the first 
screw was used. 

7—Special tools are NOT needed in using them in any 
material. 

8—They can be used in any place a screw can be used. 

9—By using screw holes, screws can be used in many 
places, and in many materials where it is impos- 
sible to use screws without them. 

1o—These are the only ready-made screw holes in the 
world. 

11—No special screws are needed. These screw holes 
fit any wood screw or machine screw now in stock. 

12—They make the neatest possible job in any material. 

13—Every store where screws are sold must carry 
them in stock, because the line of screws is not 
complete without screw holes for them. 

14—Every shop and factory where screws are used 
must also have these screw holes to fit the screws. 

15—They are endorsed by all dealers in screws and by 
all users of screws. 


16—Screw holes are entirely new and the world sup- 
ply is yet to be furnished. 


17—This is a progressive Old World of ours, and every 
active person in it must adopt all improved methods, 
and all new articles that will help him keep in the 
front line of progress. 


18—Be among the first to stock up in screw holes if 
you are a dealer in screws. 


19—Be among the first to install screw holes in your 
shop or factory, as you begin to save money soon 
as you use them. 


20—In spite of the high cost of brass, screw holes are 
yet cheap. 

21—We are letting the world know that screw holes 
can now be secured, by means of extensive ad- 
vertising in all the principal Trade Journals that 
have the largest circulation among dealers in screws 
as well as users of screws. 


22—Do not let your customer ask you for screw holes 
before you have them in stock. BE A LIVE WIRE. 


23—They make everlasting holes in any material. 

24—They mean “Plug-No-More” screw holes. 

25—They are the result of Necessity being The Mother 
of Invention. 

26—Anyone who can drive a nail can use screw holes. 

27—Send for a sample and convince yourself. 

28—Mechanics who see them say, “What do you think 
of that?” 


29—In fact there are NO REASONS why screw holes 
should NOT be used. 


Each of these reasons are enough to sell Screw Holes. There are many other reasons. 


Write at once for our handsome Color Card showing screw holes in various materials which will be 
sent on request, together with samples and price list. 
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Less Weight- 


& The use of the airplane in commerce 
Oo ¢ nl c i has given a new value to savings of 
pounds and ounces in its construction 


—a value that is calculated in terms 
of dollars and cents profit. 














Thus the big weight-economies ef- 
fected in the Liberty engine by the use 
Woodland Hille Grid. Cleveloat of 59 Lynite parts play an important 
ai part in the notable success of the 
U. S. postal air service. 


Through its saving of from 350 to 
400 pounds, Lynite permits more mail 
to be transported on each trip, makes 


“a possible greater speed and has other 
| Moreover, the greater heat conductivity 

of Lynite is an important factor, especially in 

the pistons, enabling the engine to perform 


better and travel farther without requiring 
overhauling. 








Eighty-five per cent of all the aluminum 
alloy castings in the Liberty engine were made 
of Lynite or to Lynite formulae. 








THE ALUMINUM CASTINGS COMPANY 
LYNITE and LYNUX products 
General Office, Cleveland, Ohio 


DISTRICT SALES OFFICES 










New York - - - - - = = = = = = = 511 Fifth Avenue 
Cleveland - - - - - - - - - - + 204 Vickers Building 
Detroit - - - - - - - + = += + Chne & Finlsy Streets 






GCuGGD: =. 6) 6's fa « ote, & (ete 1640 Conway Building 





‘ si 
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Putting the mail sacks aboard 
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Experienced Insurance Brokers 


are the best qualified to give advice and assistance, especially to aviators as to the form of policy 
and the kind of insurance which they need to be certain of proper protection. 


COMPLETE PROTECTION 


can only be secured if your policy is properly issued by a reliable company. We can obtain such 
policies, properly drawn, which will give you the most complete protection while on the field or in 
flight : 

. : 4 


s 





Accidental Damage 
under all circumstances to Aircraft of all descriptions, including Fire, Burglary and Theft. 


Accidental Damage to Cargo. 
Third Party Risks. 


Accidental Damage from Aircraft. 


LOWEST RATES 


can best be secured by placing your insurance through an experienced and well established broker. 
We have the reputation, the connections and the organization for placing the insurance you re- 
quire at the lowest possible rates, and under the broadest covers. 


FOR AVIATORS 


Insurance; proper Personal Accident insurance, giving complete protection, is most essential to 
aviators. We can secure the policy you need. We can sectre it at the lowest possible cost. 


W ire—W rite—Phone or Call 


FRED S. JAMES & COMPANY 


123 WILLIAM STREET NEW YORK 


Telephone Beekman 7433 
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WYMAN-GORDON COMPANY 
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Worcester, Mass. 
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The DOUBLE ROW Tipe. 


ERE, at last, is a bearing for 
resisting thrust stresses as well 
as radial loads, which is 

entirely free from destructive or de- 
terrent effects in either theory or 
practice. 


We have shown how other types 
of bearings develop tendencies which 
interfere with the primary function 
of reducing friction between mov- 
ing parts. 


Due to the angular contact of ball 
with race, this bearing takes radial 
loads and thrusts in any combination, 
and yet the balls always roll freely 
and in their natural paths. This is 
because the pressure is always “end- 
on,” perpendicular to the axis of 
rotation. 


No wedging, no binding, no cramping. 


THE NEW DEPARTURE MEG. CO., 
Bristol, Conn. 464 Detroit, Mich. 
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, \HE International Airplane Race and Handicap 

Contest organized by the American Flying 

Club, which ended just when AVIATION AND 
AERONAUTICAL ENGINEERING was going to press, afford- 
ed the American public the most inspiring aeronautical 
demonstration ever given. The number of contestants 
and the types of airplanes entered made of this race the 
most important event of its kind to date; but beside 
this purely spectacular element an important innovation 
was furnished by the handicap formula which consti- 
tutes the first attempt to find a scientific expression for 
comparing the efficiency of airplanes belonging to a 
wide variety of types. 

Owing to the fact that official figures on the outcome 
of the race are not available at the time of going to 
press discussion of its technical aspects has to be 
reserved ; nevertheless the outstanding fact is that out 
of fifty-three actual starters, thirty-two, that is, over 60 
per cent, finished the race within the set time limit. 
Of those eliminated by accidents four machines were 
totally crashed, but the remaining ships suffered only 
minor injuries which do not impair their future serv- 
iceability and—what is perhaps the most valuable lesson 
of the whole contest—only three airplanes were elimin- 
ated by engine trouble. This is truly a remarkable per- 
centage if one considers that the race was run under most 
harrowing weather conditions and that the control sta- 
tions were in many eases unfavorably situated with 
regard to the prevailing winds and of restricted area. 

The New York-Toronto race was in: particular a 
brilliant vindication of the Liberty engine, which pro- 
pelled most of the big ships, although other engines 
showed up equally well, so that, altogether it may be 
said that American airplane engines have reached a 
point of perfection where they are second to none. 

Likewise, the competing airplanes, virtually all of 
American design and manufacture, put up perform- 
ances which justify the greatest pride and performance 
in the ability of our engineers and constructors. 

The American Flying Club, as the organizer, and the 
Air Service, whose cooperation assured the success of 
the race, deserve the most sincere congratulations of 
the aircraft industry for having given such a magni- 
ficent object lesson of the potentiality of aviation. 


Gyroscopic Effects of the Propeller 
A good deal of controversy has been carried on 
with regard to the gyroscopic effects of the pro- 
peller. The gyroscopic forces have a bearing not 


only on the controllability of the plane, but also on 
propeller stresses, and on propeller bearing stresses. 
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Some designers have used as their criterion extraordi- 
narily rapid turns, and imposed excessive gyroscopic 
forces on their designs. Others have been inclined to 
neglect all consideration of these effects. 

A simple method of considering the problem, which 
would nevertheless coordinate it with the general struc- 
tural strength of the airplane, is to consider the air- 
plane at the moment when it is flattening out from a 
dive, at which time the dynamic forces are a maximum, 
Assuming the velocity to be known at such a point— 
and it will be very little below the limiting speed of the 
airplane—a simple dynamical equation will give the 
rate of turn. And this rate of turn will furnish a very 
sound basis for computing the gyroscopic effects. 





Inversion of Control Surfaces 

In a recently published text-book of elementary aero- 
nauties, there oceur the following lines: ‘‘ In ease of a 
very steep or vertical bank, the functions of rudder and 
elevators are completely reversed : the rudder, being then 
in a horizontal position, will be used to bring the nose 
of the machine up or down: the elevators being vertical 
serve to make the machine turn round. In connection 
with steep banks, the terms used for the rudder are: 
top rudder and bottom rudder, irrespective of the fact 
that in either case it may be right or left rudder. For 
instance, if the machine is banked so that the right wing 
is down, then bottom rudder, in this case, would be 
equivalent to right rudder; but if the case is reversed, 
that is, if the machine is banked with the left way down, 
then bottom rudder would mean left rudder.’’ 

Now this is a perfectly correct statement of the case, 
and, what is more, the terminology is very widely ac- 
cepted. Everywhere we read of reversed action, or of 
inversion of control surfaces. 

And yet in reality there never is reversed action, and 
the terminology is unnecessarily confusing. 

The difficulty arises from the fact that the earth and 
the vertical are considered as points of reference for the 
motion of the airplane, instead of the much more logical 
system of three axes at right angles to each other, 
passing through the center of gravity and rigidly fixed 
to the plane. 

With such axes held in mind, the elevator on a steep 
or vertical bank is still performing its normal function 
of pitching the plane up and down about the athwart- 
ship axis; the rudder is still performing its normal 
function of turning the plane to left or right about an 
axis in the plane perpendicular to the-athwartship and 
longitundinal axes. Consequently there is no need for 
inversion of terminology. 





Airplane Engine Vibration 
By Glenn D. Angle 


One of the essential features of an airplane engine is smooth- 
ness of running. This is obviously true of any type of internal 
combustion engine; but the degree of unevenness allowable, in 
every case, depends mainly upon the rigidity and absorbing 
qualities of the engine mounting. Excessive engine vibration 
will produce unpleasant tremors throughout the entire struc- 
ture of the lightly constructed airplane fuselage, and the effects 
therefrom may prove to be of a critical nature. The tendencies 
are to loosen joints and fittings and to crystallize metal parts, 
therefore an analysis for the purpose of reducing, if not alto- 
gether eliminating, vibration, will not be amiss. Since the 
engine is the principle offender, the engine designer is con- 
fronted with problems which should receive his strictest at- 
tention. 

Before taking up the design problems involved, however, it 
will be well to consider the sources of vibration which are be- 
yond the designers’ control. Any deviation from normal func- 
tioning will introduce engine vibration in amounts which will, 
in a measure, correspond to the degree of this deviation. These 
vibrations are due to the so-called troubles which should be 
corrected by the mechanic or “ trouble shooter” in the process 
of tuning up the engine. 

Preignition is the most common source of trouble, and its 
effects may sometimes become very marked. It may be due to 
an early spark, local heating or high gas temperature attained 
during compression. High compression engines designed to 
work best at high altitudes will undoubtedly preignite if al- 
lowed to run with wide-open throttle on the ground; and it 
follows, if comparisons of various engines are to be made 
from tests as to their smoothness of running, that these tests 
should be conducted under atmospheric conditions encountered 
in flight. 

Unequal forces of explosion in the cylinders produce torque 
variations of unequal magnitude, and consequently add to the 
vibrations already existing from that source. The explosive 
forces are not equal when the gas reaching each cylinder varies 
in mixture strength. If an engine has a correctly designed 
manifold giving an equal charge to each cylinder, variations of 
this nature are due to air leaks in the manifold, at the manifold 
flange or through a valve whose spring is weak, probably due 
to having its temper drawn by the extreme heat. Upon reach- 
ing the cylinders, the gas must be inflamed by sparks of equal 
intensity following the full retention of the charge during the 
process of compressing it. Loss of compression by leaks past 
the piston rings is a common source of trouble. This can very 
easily oceur if the rings are not properly fitted or are out of 
round or broken. 

The variation of torque ~aay be effected by changes in the 
interval of explosion as well as by its magnitude. Jf the sparks 
do not oceur simultaneously, the flame is not propagated at 
the same period in each cylinder, and hence the explosion does 
not take place at the correct interval. This is due to uneven 
distances between the cams on the magneto breaker. 

The fluttering of a propeller which is out of balance or too 
lightly constructed is transmitted through the crankshaft to 
the crankease and engine beds. If the engine bed bolts are 
loose, the engine tends to lift itself and return to the bed at 
each revolution of the crankshaft. This hammering effect may 
reach quite appreciable magnitudes. 

All apparent vibrations, not due to some of the troubles 
referred to above, are undoubtedly inherent with the particular 
type of engine under investigation. Since no practical device 
is yet known with which to accurately measure and record the 
amplitude of engine vibration, our only recourse is to treat 
each source by mathematical analyses and compare the results. 
Even though it were possible to measure these amplitudes, it 
would still be necessary to determine, by analytical means, 
which of the four principle sources had accrued these vibratory 
proportions. In design, each source must be treated separately 
and the results obtained to form a comparative basis of the 
vibratory tendencies existing in different types of engines and 
thus enable the designer to supply the necessary rigidity to 
those components which must withstand the greatest shock. 

Vibration may be due to the springing and distortion of the 
material of which the engine is composed or to the unbalanced 


forces resulting from the motion and position of the com- 
ponents in respect to one another. A certain degree of yield- 
ing vibration exists in each component; but this does not be- 
come a disturbing factor unless its period is in step with 
multiples of other vibration periods, principally those due to 
power impulses. This is particularly true of the crankshaft 
and crankcase, which must withstand the reactions of engine 
torque. 

The forces setting up vibration in the engine may be due 
to unbalanced rotating masses, unbalanced inertia of recipro- 
cating parts or to torque reaction. It is difficult to estimate 
accurately the degree of vibration caused by the centrifugal 
forces or couples of unbalanced rotating masses, as this de- 
pends mainly upon the rigidity of that part of the case resist- 
ing these forees. Since rotary balance and crankshaft tor- 
sional vibration are general subjects and have been quite 
extensively covered in various engineering books, no special 
treatment is required in regard to any type of airplane engine 
as the principles involved are identical. 

Attempts on the part of designers to develop engines more 
suitable for the propulsion of aircraft have led to various 
cylinder dispositions and generally to an increase in the num- 
ber of eylinders employed. Unbalanced inertia and torque 
reactions are greatly effected by these changes; and, since our 
data ordinarily only applies to conventional engine types, it 
will be interesting to investigate into the possibilities and ad- 
vantages of other designs. The treatments which follow, while 
as brief as possible, include practically all known engine types 
for purposes of comparison. 

Unbalanced Inertia 

The vibratory action of an airplane engine, in many in- 
stances, is due to the effects of unbalanced inertia. The selec- 
tion of eylinder and crank arrangement should be made with 
a view of obtaining inertia balance whenever possible without 
seriously effecting many other equally important and essential 
features of the airplane engine. In a number of cases, how- 
ever, it will be found that the reciprocating parts can be 
partially, or even completely, balanced without the least 
sacrifice to the features desired. 

Owing to the accelerating and decelerating motion of the 
piston and the parts which move with it (including the upper 
portion of the connecting rod) there must exist forces to 
counteract their inertia. Energy is absorbed during the first 
part of the reciprocating motion and is given up during the 
latter part of the stroke; hence there is no resulting work from 
inertia, but the vibratory effects at certain parts of the cycle 
may become quite pronounced. 

Before taking up the comparisons of these effects in various 
engine types let us consider the inertia forces in one cylinder. 
Due to the fixed path of the piston along the cylinder axis, 
the motion is not harmonie and can only be completely ex- 
pressed by an infinite number of terms of a Fourier series. 
The values of these terms diverge so rapidly, however, that 
only the first two need be used to obtain results within all 
practical limits of engineering calculations. The formula is 
usually expressed as follows: . 

We 


gk 
= Inertia foree in |b. 
Weight of reciprocating parts in lb. 
Velocity of crank pin in feet per sec. 
Fravity — 32.2 
Crank radius in ft. 
Crank radius in in. 
1 = Length of connecting rod in in. 
@ = Crank angle in degrees. 

In order to obtain high engine speeds without shortening the 
life of the bearings it is very essential that the imertia forces 
be kept as low as possible. It ean be readily seen in the above 
formula that these forees vary directly as the weight of the 
reciprocating parts and as the square of the crankpin velocity. 
The weight of the reciprocating parts must consequently be re- 
duced to the minimum allowable in order to attain the highest 
engine speeds. Some of the present aluminum piston construec- 


r ‘ : 
(cos + 7 008 26) approximately 
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tions are interesting examples of advances in this direction. 
The inertia forces can only be completely balanced by equal 
inertia forces acting in the opposite direction. The primary 
inertia force, that is, harmonic motion or that part of the force 
represented by the formula having only the first term in the 
bracket included, can be balanced by a rotating part of the 
same weight at the crankpin radius. This is accomplished, 
however, only at the expense of introducing an equal force in 
a plane at right angles to the eylinder axis. It is for this 
reason, in one cylinder engines, that an attempt is only made 
to balance half of the primary inertia foree and thereby keep 
the unbalanced forces the smallest possible in all directions. 
The secondary inertia foree, represented by the formula, hav- 
ing only the second term in the bracket included, can only be 
balanced similarly by rotating masses at twice crank speed. 
The same is obviously true of the remaining terms of this 
series providing the masses were rotated at a speed corre- 
sponding to their respective phases. As explained above, these 
terms are not of great importance, hence only the magnitudes 


INERTIA FORCE IN POUNDS 


a 


CRANK ANGLE IN DEGREES 





Fic. 1. -Primary AND SECONDARY INERTIA FORCES 


and phases of the primary and secondary inertia forces, and 
in relation to their resultant or total inertia force, are shown 
on Fig. 1 for comparison. The values were obtained by assum- 
ing that the reciprocating parts weigh 3 lb. and that the crank 
revolutions are 2000 per min. 

In order to keep the investigations which follow within prac- 
tical limits and in a condensed form, no regard is taken of 
the higher harmonies having greater periodocity and compara- 
tively lower magnitudes. The values used were obtained by 
use of the formula given above. Separate consideration of the 
primary and secondary forces has been avoided as much as 
possible, since it is intended to investigate, in the various 
engine types, the inertia balance regardless by which of the 
harmonies it is being disturbed. The reader can always bear 
in mind to what extent it is possible to balance the inertia 
forces by rotating masses; but as this is not complete, adds 
weight, and in most cases is not practical, it is readily under- 
stood that the best method for obtaining inertia balance is to 
arrange the cylinders properly in relation to one another. 


One-Cylinder Engines 


It has been explained above that the inertia forces can-only 
be completely balanced by equal forees acting in the opposite 
direction, hence, the conventional type of single-cylinder engine 
represents an impossible problem in perfect inertia balance. 
Some very novel arrangements have been devised whereby the 
forces in an individual cylinder are perfectly balanced by em- 
ploying two pistons, or in reality making two cylinders into 
one. One of the early types of aviation engines, the Gobron- 
Brillé, is an extremely interesting example of this kind. In 
addition to the ordinary crank, rod and piston construction, 
a piston is operated in a reverse direction to the main piston 
motion by means of a crosspiece hinged to two conne: ting rods 
which are outside the cylinder, and on crankpins symmetrically 
disposed at 108 deg. to the main crankpin. 

A more recent type has been brought out by Prof. Junkers 
of Aachen, Germany. Very little data is available on this 
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engine; but the principle involved is practically identical to 
some of the heavier types of engines constructed by him. Two 
crankshafts employed at the opposite ends of a single combus- 
tion chamber are driven from the explosions, which act upon 
two pistons having the same relative motion described above. 
It is veritably two single cylinder engines having the heads so 
joined as to give a single combustion space. Incidentally, 
aside from obtaining perfect inertia balance, there are other 
equally important advantages to be had by this arrangement. 


Two-Cylinder Engines 


The two-cylinder opposed engine, having cranks 180 deg. 
apart, represents complete inertia balance by reason of the 
opposite direction of piston motion. The cylinders may be 
located on the same center line with two symmetrical cranks 
for one of the cylinders, or slightly offset with individual 
cranks. In the latter case, however, it must be remembered 
that a couple is introduced at right angles to the crank center- 
line. 

All other two-cylinder arrangements are out of balance in 
respect to reciprocating inertia. The detrimental effects of 
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Four-CYLINDER UNBALANCED INERTIA FORCES 
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these unbalanced forces are generally eliminated by balancing 
the primary or simple harmonic forces with rotating counter- 
weights properly located on the crank. The tandem arrange- 
ment of two cylinders, with cranks located 180 deg. apart, is 
of most interest, as it is actually one-half of a conventional 
four-cylinder engine. The resulting unbalanced force is along 
the axis of.the cylinder and has one-half the magnitude of the 
four. This is taken up next, and suitably explains the result- 
ing unbalanced inertia forces of an engine having two cylinders 
arranged in tandem. 


Four-Cylinder Engines 


Since pistons number one and four are in phase, and are 
out of phase with pistons number two and three by 180 deg., 
it only requires two curves of twice the magnitude of one 
eylinder to represent these forees for the conventional four 
cylinder arrangement. The curves and the resultant are shown 
on Fig. 2. It is quite evident from the magnitude of the re- 
sulting forces that these may become disturbing factors. Since 
the resultant curve represents the unbalanced inertia force of 


‘four cylinders in axial directions, it can be used to determine 


the unbalanced components of engines composed of multiples 
of four-in-line cylinders. 

A four-cylinder Vee type arrangement which has been re- 
cently presented is known as the W. B. B. Aero Motor. Just 
as the two-cylinder in-line engine is one-half of a four, so is 
this engine as compared to an eight-cylinder Vee type. The 
inertia balance is similar to the eight-cylinder Vee engine, but 
the forces in each bank of cylinders are of only half the magni- 
tude. 

Eight-Cylinder In-Line Engines 

In the course of engine development during the war there 
was introduced eight-cylinder in-line engines which had two 
four-cylinder crankshafts attached at ends with axes 90 deg. 
apart. This crank arrangement gives even intervals of explo- 
sion. The Bugatti, a French design, was the best known of 
this type. The Germans had the 240 hp. Mercedes, which was 
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identical in construction to the 160 hp., six-cylinder Mereedes 
engine, but with an additional two cylinders. It is not believed 
that many of these engines were used, as very few were cap- 
tured, and during the latter part of the war they were consid- 
ered obsolete. 

The inertia balance of this type is easily obtained by re- 
ferring to the curves given for the four-cylinder engine. By 
placing two resultant curves 90 deg. apart, this being the 
relation of the crank axes, it will be found that the algebraic 
sum of their valves at any point is zero. In reference to the 
transverse plane, the engine is therefore balanced in respect 
to inertia. The usual rocking couples along the longitudinal 
axis are present, however, as in any four-cylinder arrange- 
ment, but out of phase with each other by 90 deg. 

A sixteen-cylinder Bugatti engine was constructed by plac- 
ing two eight-cylinder blocks vertically side by side on one 
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erankease. Since two crankshafts were employed the inertia 
balance of either row of cylinders was not altered. This engine 
was duplicated in this country and known as the King-Bugatti. 
The principal advantage of this arrangement is obtaining avail- 
able space between the two rows of cylinders in which to mount 
a cannon. 

Eight-Cylinder Vee-Type Engines 


The eight-cylinder Vee type engine is virtually two four- 
cylinder in-line engines operating on a single crankshaft. The 
angle at which these two banks of cylinders are placed on the 
erankease in respect to one another is influenced by certain 
factors in design. Low head resistance in the airplane is de- 
sirable, therefore the cylinders can be arranged so that the 
fuselage cowling which incloses them will have a small pro- 
jected area. Even intervals of explosion is advantageous, but 
can be dispensed with without detrimental effects if the gain 
in low head resistance warrants it. 

The most common, or we may say conventional, angle of Vee 
for eight-cylinder engines is 90 deg. This arrangement gives 
even intervals of explosion; that is, explosions every 90 deg. 
of crank movement. It also leaves sufficient room between the 
cylinder banks in which to mount carbureters and manifolds 
quite easily. The Curtiss OX and the Hispano-Suiza engines 
are representative of many well-known units constructed in 
this manner. 

As each bank of four cylinders has its respective unbalanced 
inertia, it is interesting to note the effects on the magnitude 
and direction of the resulting unbalanced forces from changes 
in the angle of the Vee. A polar diagram made by resolving 
graphical representations of the forces along each cylinder 
axis, at certain crank intervals, will best show these effects. 

Consider first the conventional 90 deg. Vee engine. The 
horizontal line, shown on Fig. 3, signifies that these forces are 
continuously acting in a horizontal plane and are of compara- 
tively large magnitudes. The vibratory effects of these unbal- 
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anced forces are quite noticeable when the engine is mounted 
in a fuselage. These vibrations are generally considered quite 
objectionable. 

Suppose even firing is dispensed with by decreasing the angle 
of Vee to 75 deg. The unbalanced component along the hori- 
zontal is somewhat diminished, but not to the amount of that 
introduced in the vertical plane. Narrowing up the cylinder 
banks obviously lessens the horizontal componert of inertia 
so that at 60 deg. we find the component the same in any one 
direction, and therefore the smallest when-considered in all 
directions. The Packard Co. have very recently brought out 
an engine of this type which, considered from the standpoint 
of unbalanced imertia, is a suitable arrangement. The first 
Liberty engine had eight cylinders, with 45 deg. as the included 
angle of Vee. Although the horizontal component of inertia 
of this type is still further decreased, the vertical component 
becomes as large as the horizontal in the 90 deg. Vee type, 
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therefore nothing is to be gained by reducing beyond a 60 deg. 
angle unless it is possible to reduce the heat resistance per- 
ceptibly as a result of the narrower engine. 


Sixteen-Cylinder V-Type 


The best-known sixteen-cylinder “V” type engine is the 
Model H Duesenberg, having two banks of eight cylinders with 
45 deg. as the included angle. The length of this engine ap- 
proaches prohibitive dimensions for use in an airplane, but 
should be in favor for dirigibles. Since each bank of eight 
cylinders are in balance, it follows that the same is true for 
both. 


TwelveCylinder W-Type Engines 


The addition of a third bank of four eylinders gives a twelve- 
cylinder engine of approximately the same overall length as 
would one having four or eight cylinders. This is advan- 
tageous from the plane design standpoint, and the weight per 
horsepower should undoubtedly be less than a number of other 
twelve cylinder types; but there are serious objections to this 
arrangement, namely, added head resistance and poor inertia 
balance. On Fig. 4 are shown unbalanced inertia polar dia- 
grams for some of these types in direct comparison with that 
of a 90 deg. Vee eight-cylinder engine of the same cylinder 
size. 

Arranging the banks of four cylinders 60 deg. apart in each 
Vee gives even intervals of explosion and presents a fairly 
compact design. An English engine, the Napier “Lion,” and 
a French engine, the Lorraine-Dietrich, are of this type. By 
referring to the diagram it will be readily seen, from EAC 
representing this cylinder arrangement, that the unbalanced 
inertia forces are greater in the horizontal than in the 90 deg. 
Vee eight and in the vertical approximately those of a 75 deg. 
Vee eight. This type of engine undoubtedly has excessive 
vibratory tendencies due to its poor inertia balance. 

An experimental French engine, the Adabel, is virtually a 
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conventional 90 deg. Vee eight with an additional bank of four 
cylinders extending vertically downward. FRD on the dia- 
gram signifies that, while the horizontal component is equal to 
the 90 deg. Vee eight, there has been introduced a vertical 
component of greater magnitude than that of a 60 deg. Vee 
eight. This is actually the vertical unbalanced component of 
the lower four cylinders, therefore we have in this arrangement 
the combined unbalanced inertia of two well-known engines. 

Suppose the three banks of four cylinders were evenly 
spaced, that is, 120 deg. apart. Reversing the direction of one 
four-cylinder unbalanced component from the first arrange- 
ment described by changing the position of one set of cylinders 
from A to D produces a vertical unbalanced component as 
great as the horizontal. The polar diagram, shown as ECD, 
is a circle. It is evident that the inertia forces crnnot be 
balanced in twelve cylinder engines composed of three rows of 
four and unbalanced components are introduced in excess of 
corresponding eight cylinder Vee types. 


Three-Cylinder Engines 


One of the earlier airplane engines constructed by Anzani 
had three cylinders arranged fan shape with 72 deg. as included 
angles. Fear of over lubrication in the lower cylinders was 
probably the reason for this peculiar disposition. The engine 
only developed about 25 hp. and was poorly balanced for 
inertia. Our interest is mainly historie as it propelled the first 
heavier than air eraft to fly cross the English Channel. 
Later Anzani built Y types in which the cylinders were located 
120 deg. apart. The inertia balance of this type will be found 
under the treatment of radial engines. 

Three cylinders, arranged in line and employing three crank- 
pins 120 deg. apart, are in perfect inertia balance, but owing 
to their respective lines of action being separated, there is 
introduced a rocking couple. This can only be eliminated by 
an additional three cylinders in line providing the crank ar- 
rangement is symmetrical. 


Six-Cylinder Engines 


It is quite generally known that there are no resultant un- 
balanced inertia forees in the conventional six cylinder engine, 
but in order to make this point clear Fig. 5 is given. Three 
curves, each one representing the inertia forces in the cylinders 
whose pistons are in phase, are plotted 120 deg. apart. The 
algebraic sum at any instant is zero. 


P 
> 
© 
z 


& 
Ad 





CRANK ANGLE IN DEGREES 
1 300 
Fig. 5. Inertia Forces in Srx-CyLinper ENGINES 





Since any row of six cylinders is in perfect inertia balance, 


it follows that all engines which are multiples of six, regardless" 


of their arrangement, are also in perfect inertia balance. This 
applies particularly to twelve cylinder engines, such as the 
Curtiss Model-K, Rolls-Royce, Liberty-Twelve, and many 
others. Eighteen cylinder W-types, composed of three rows of 
six, are not common, but should be in favor for units of higher 
power output. A Sunbeam engine is probably the best known 
of this type. 
Radial Engines 


The radial engine type, having a fixed star shaped arrange- 
ment of cylinders and a revolving crankshaft, presents an 
interesting problem of inertia balance. The diagrams repre- 
sent the resultant inertia forces of various numbers of cylinders 
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arranged radially. The inertia force values for all cylinders 
were obtained by use of the formula at the proper crank angle, 
laid off along each cylinder axis in respect to magnitude and 
direction and resolved. 


S=Z/ 


Fic. 6. Dracram or ResuvTant InertT1A Forces 1n RApIAL 
ENGINES 


1 
‘ 
\ 
\ 2 








‘ 
+ / 
a 


| 
\ 
3 
\ 
4 


Al 


It is interesting to note that in all but one ease, the resuitant 
diagram is practically a cirele. At any instant the resultant un- 
balanced inertia is in the direction of the crankpin from the 
crankshaft axis, therefore it travels about center at crank 
speed having the same direction as the inertia force of any 
one cylinder when it is greatest; namely, at in or out center 
piston position. Since the resultant foree for the various odd 
numbers of radial engine cylinders is practically constant dur- 
ing one revolution, a direct comparison may be made with the 


‘inertia foree of one cylinder with which it corresponds in 


direction. This will be taken’ at in center position, that is, 
when the piston is at the top of its stroke and farthest away 
from the crank axis. The radius of the dotted circle at the 
center is a measure of the magnitude of the inertia force of 
one cylinder at 0 crank angle. 


The resultant primary and secondary inertia forces are some- 
times considered individually. In all strictness it is the 
resultant of the primary inertia forces which travels at crank 
speed and at any instant is in the direction of the inertia force 
of one cylinder whose piston is at in center position. Some 
designers only attempt to balance the resultant of the primary 
forces, neglecting the secondary as these are generally con- 
sidered as being of little importance. The secondary resultant 
incidently travels about center, but at twice crank speed. 


The cylinders in one plane and evenly located about a single 
erank pin must be odd in number in order to obtain equal 
intervals of firing. The diagram represents the disposition of 
cylinders which number three to eleven inclusive, the latter 
being the greatest number it has been found possible to mount 
on a erankease without producing prohibitive overall diameters 
from the standpoint of head resistance to the airplane. It is 
sometimes better to employ two groups of odd numbers of 
cylinders located in two planes and operating about a two- 
throw crankshaft, which has crank pins 180 deg. apart. The 
inertia balance of this type follows the treatment for the single 
plane of cylinders. 

As previously stated, a direct comparison can be made be- 
tween the resultant unbalanced inertia of any odd number of 
cylinders in one plane and the inertia force of one cylinder at 
in center position. The diagram shows this clearly and may be 
sealed to obtain the ratio, but more accuracy will result if 
reference is made to the table given below. These ratios are 
subject to slight variation with different crank throw and con- 


necting rod lengths. The ratio[ in this case has been taken 
at .3 which approximates average airplane engine practice. 
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also given for comparison. In every case this ratio is equal to 
one-half the number of cylinders. 





Ratio—Resuliant Primary 
Primary Inertia of 
One Cylinder 


Ratio—Resultant Inertia 
Number of Cylinders | Inertia Force of 
| One Cylinder 


| 
| 


1.500 
1.925 
2.680 3.5 
3.460 5 


+. 240 5.5 


5 
5 
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The resultant unbalanced inertia force ean be balanced 
almost perfectly by the centrifugal force created by a mass 
properly located diametrically opposite the crankpin. The 
counterweight employed incidentally should also include the 
mass necessary to place the rotating parts in balance. lo 
determine the mass necessary for inertia balance, substitute 
Ww 
gR 
for F equal to the product of the proper ratio as given above 
and F’, (the inertia foree of one cylinder) taken at 0 erank 
angle. If the center of gravity of the mass employed fo 
balancing is located at the crankpin radius the symbols in the 
above formula represent the same quantities as in the inertia 
force formula. However, if for any reason the loeation of 
this point is changed the values for R and wv should be altered 
accordingly. 

Since the balance weights required become greater as more 
cylinders are employed in the same plane, some designers con- 
sider it better practise to locate the cylinders in two planes 
In this arrangement the forces set up in the plane of one set of 
cylinders, namely the resultant inertia force, and the centri- 
fugal force of the rotating masses, are balanced by correspond 
ing forees in the plane of the second set of cylinders. This, 
however, is only in respect to a plane at right angles with the 
cylinder axis, due to the diametrically opposite positions of 
the crankpins. If no counter-weights are employed to balance 
the forces in each plane of cylinders individually, couples are 
introduced which have a tendency to set up vibration. 
the reaction of the couple is resisted through the main crank- 
shaft bearings, the vibrations are limited mainly by the degree 
of crankease rigidity. 

A somewhat unconventional radial type is found in the Smith 
fixed radial engine which has ten cylinders in one plane, a two 
throw crankshaft and connecting rods whose axis are at an 
angle to the plane of the cylinders. This is virtually two five 
cylinder radial groups located in one plane and balanced in 
the manner described above as no counterweights are used. 
The advantage over a nine cylinder radial of the same size, is 
the additional power of one cylinder and a weight difference 
equal only to that represented by one more cylinder and a two 
throw crankshaft less the weight of the counter balance re- 
quired for a nine. The couple set up, however, is in excess of 
that in a two plane ten cylinder engine due to the components 
of the offset rod action. 

It will be noted from the diagram that the unbalanced inertia 
force of the three cylinder radial engine is represented by a 
triangular shaped figure. Obviously this type cannot be per- 
fectly balanced. The unbalanced force at any instant is the 
difference in magnitude between the figure as given and that 
of a centrifugal force produced by a counterweight. In any 
event the foree is too small to produce vibration of any ap- 
preciable magnitude. One of the recent three cylinder radials 
is the Lawrance 50 hp. engine which is of very commendable 
design. 

Six cylinder radials, composed of two rows of three, should 
be in favor for light units developing around one hundred 
horsepower. The balance of this type is somewhat better than 
that of the three cylinder. This can be easily studied by placing 
two diagrams on the same center but with cylinder axes 180 
deg. apart. 


in the simple centrifugal foree formula (F ) a valu 


Since 


Rotary Engines 


Since no simple reciprocating piston motion is repre- 
sented in the rotary engine, with its fixed crankshaft, and 
rotating cylinder and pistons, there are no inertia forces to be 
considered. The cylinders rotate around the crank axis and the 
pistons are virtually swinging at the ends of the connecting 
rods about the crankpin center. All are in perfect balance as 
long as the weights of all rotating parts are kept uniform. 
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Report of Aviation Mission 


Concentration of the air activities of the United States— 
military, naval, and civilian—within the direction of a single 
Governmental agency created for the purpose, co-equal in im- 
portance with the Departments of War, Navy, and Commerce, 
is the recommendation of the American Air Mission, headed 
by Assistant Secretary of War Crowell, which returned on 
July 20 from Europe after an extensive study of European 
air establishments. 


Recommend Air Department 


The proposed Air Department would be charged with full 
responsibility for “ placing and maintaining our country in 
the front rank among nations in the development and utiliza- 
tion of aireraft in the national security, and in the advance- 
ment of civil aerial transportation and communication arts.” 

The organization of the proposed Air Department would 
eall for a civilian Secretary of Air, a member of the Cabinet; 
with a civilian Assistant Secretary of Air; and five or more 
chiefs of such sub-cepartments as civil aeronautics, military 
aeronautics, naval aeronautics, supply and research, finance, 
and the like; and an advisory Air Couneil, constituted by the 
Secretary of Air and including among others his assistant and 
the cliefs of the sub-departments, 

The Mission’s report shows that.its opinions are advanced 
after conferences with the Air Ministries of Great Britain, 
France, and Italy, with ranking Army and Navy officers of all 
three nations, and with the foremost aireraft manufacturers of 
the principal Allied nations. 


Future of Air Transport 


Concerning commercial aviation, the Mission emphasizes the 
necessity of conserving the American aircraft industry built 
up during the war, “ninety per cent of which has been 
liquidated” sinee the armistice. Some definite Government 
policy is necessary to save an revitalize the remaining ten 
per cent for the development of aerial transportation for com- 
mercial purposes, that the Mission predicts will “ become one 
of the great transportation mediums of the world and will con- 
tinue to offer the fastest and most dire:t means of transporta- 
tion known to civilization.” 

The stage is set, for the first time in the world’s history, for 
a close international cooperation in the development of a great 
art at the very threshold of its commercial utility, the Mis- 
sion declares, and the United States must sooner or later fol- 
low the leads of Great Britain, France, Italy, and Japan to 
set up a single authoritative point of contact for the conduct 
of all international aviation affairs, legal, operational, techni- 
cal, and political. 

Dominance of the Air 


Future wars, declares the Mission, will undoubtedly open 
with great aerial activity far in advance of contact either upon 
land or sea, and victory cannot but incline to that belligerent 
able to first achieve and later maintain its supremacy in the 
air. Great Britain, the mission reports, has come “ to consider 
the dominance of the air as at least of equal importance with 
that of the seas and is frankly and avowedly planning a 
definite policy of aerial development to that end.” 

The report of the Mission is signed by Benedict Crowell, As- 
sistant Secretary of War; Howard E. Coffin, member of the 
Council of National Defense; Henry C. Mustin, Captain, U. 
S. Navy, who signed with reservations; Halsey Dunwoody, 
Colonel, U. S. Air Service; James A. Blair, jr., Lieutenant- 
Colonel, General Staff, U. S. A.; George H. Houston, Presi- 
dent, Wright-Martin Aeroplane Corp.; C. M. Keys, 
Vice-President, Curtis Aeroplane and Motor Corp., and S. 
S. Bradley, General Manager, Manufacturers’ Aircraft As- 
sociation. 

In making the report public, Secretary of War Baker issued 
a statement emphasizing the thoroughness and value of the 
studies made with regard to the importance of aircraft and 
the essential dependence of the art for its development upon 
a sympathetic attitude in the Government. It is clear, Secre- 
tary Baker writes, that the ingenunity and ability of Ameri- 
"an engineers and inventors must be coordinated and our 
national effort freed from wastefulness and duplication. The 
Secretary did not, however, agree with the Mission that the 
solution lay in a single centralized Air Service. 








Airship Engineering Progress in the United States’ 
By J. C. Hunsaker, Eng. D. 


Commander, Construction Corps, U. S. Navy 


The B class ships had envelopes made of doubled fabric, 
with the threads of the “bias ply” at 45 deg. to the threads 
of the other. The bias ply is necessary to prevent tearing, 
but is rather uncertain in strength. It does help to take shear, 
however. Recent experiments with a three-ply fabric of which 
the middle ply only is bias are more encouraging, and indicate 
that we shall abandon the doubled fabric. 

The three-ply fabrie presents a remarkable degree of re- 
sistance to weathering. The aluminum surface, which keeps 
down the heat, is quite heavy, and is placed over a heavy outer 
film of rubber. Even though this complete outer film and the 
first layer of cloth and rubber should be broken down by ex- 
posure, there would still be two plies of fabric, with a heavy 
coating of rubber left to retard the diffusion of the contained 
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hydrogen. It is through the use of high count cloth of low 
weight and high strength that the successful three-ply fabric 
can be produced, and the Bureau of Construction and Repair 
has eonsistently stimulated the production of this type of 
cloth. It is probable that present researches will result in the 
production of both ballonet and outer envelope rubberized 
tabries of lighter weight, greater strength and lower permeabil- 
itv than even those that are now in use. For instance, some 
experiments with rubberized. silk fabrics show that these 
fabries can be made exceedingly light in weight, high in 
strength, and of very low diffusion, and that these character- 
isties are maintained after exposure even for periods of over 
150 days, provided sunlight is shut out by a good aluminum 
outer coating. 

After balloon fabric has been in service for periods of from 
three months upward, changes may take place in the rubber 
compounds that are used for proofing that cause increased 
permeability to be shown. These results are more common 
in fabrics exposed under moist conditions, especially in hot 
climates where there is a maximum sunlight, and is generally 
observed on fabric that is over-vuleanized or that contains 
insufficient proofing. 

In the early days of the war the British had considerable 
trouble with the fabric used in their airships, and finally de- 
cided to reduce the diffusion through the use of a cellulose 
coating known as Delta Dope. Very good results were ob- 
tained with this, and it was vsed to some extent. Later on, 


* Concluded from last issue. 
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in view of the poor results that were obtained with early 
American airship fabric, a material similar to that which the 


. British used was developed by the Bureau and used with suc- 


cess. This dope is different in its composition and action from 
that used for coating wings of airplanes. The latter material 
is used to shrink the cloth. Airship dopes contain a special 
form of cellulose nitrate of a higher degree of nitration, and 
are made soft and pliable by the addition of castor oil, which 
prevents the tautening effect when applied to fabric. These 
dopes when applied dry rather slowly and leave a film that is 
soft and highly resistant to the diffusion of hydrogen. It is 
customary to apply two coats of clear dope, and two or three 
coats of the same dope containing about 10 or 15 per cent of 
aluminum powder. For application of the dope, a portable 
spraying outfit of the extension-rod type was obtained by the 
Bureau for air stations. It was found possible with this ap- 
paratus and a small crew of men to apply one coat of dope 
to a 85,000 cu. ft. envelope in one day. Because of this fact 
the operation of the airship was held up very little, the doping 
being done on rainy days. 

Previous to doping, an airship at Rockaway had given very 
unsatisfactory results, showing a daily loss of 1.18 per cent. 
After doping, the daily loss was only .08 per cent hydrogen. 
Moreover, this airship continued in service for a period of 
six months after doping without showing high diffusion. Ex- 
perience has shown that an airship which has a probable life 
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of only six weeks could by doping be put into service again 
so that it would have an additional life of at least six months. 
It was also found that the aluminum dope had a tendency to 
keep the gas in the envelopes at a more uniform temperature. 
This, of course, would make the ships much more stable on 
account of the lessened expansion and contraction of the gas. 
In another instance, a ship which had been in service for only 
a month undoped was giving unsatisfactory results and was 
showing a daily diffusion of 4.47 per cent. When the ship 
was doped by brush with three coats, a diffusion test showed 
a loss of only one-fifth of one per cent daily. 


Leakage of Helium 


To determine the comparative permeability of various 
fabries to helium and hydrogen, the Bureau of Construction 
and Repair forwarded to the Bureau of Standards a quantity 
of helium and a number of fabries of special construction, 
including rubberized fabrics such as are used for the envelope 
of non-rigid airships, and fabries such as may be used for 
the gas bags of rigids. It was found that the helium permeabil- 
ity was from 59 to 64 per cent of that shown for hydrogen, 
and that a somewhat similar result was shown for the rigid 
fabric. The use of helium in airships of the future has been 
very much advertised, and the advantages of a non-inflamma- 
ble gas are obvious. However, difficulties of supply render it 


- necessary to devise ways to employ it with less loss than pres- 


ent hydrogen practices involve. The leakage through fabrics 
is less than with hydrogen, but the difference is not of great 
importance. The great bulk of gas now lost goes through the 
safety and maneuvering valves. It may be possible to rework 
helium that has become mixed with air. When the hydrogen 
in an envelope gets 20 per cent of air in it, it is explosive and 
is promptly discharged. 

Researches have been made by the Bureau into the causes 
of mildewing which has been observed upon cordage and 
fabric shipped from France and stored in a warm place under 
humid conditions. Wherever the mildew is found the rope and 
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fabric have become rotted and unsafe. In the investigation, 
mildew spores were scraped from the surfaces and incubated 
on agar agar. The growths that were produced were identified 
as green penicyllium and blace aspergillus. Mold cultures were 
then used in treating samples of various kinds of fabric and 
hemp rope after the fabric and rope had been brush-coated 
with various chemicals which might have an inhibiting action 
upon the growth of the mold. It was found that a dilute 
solution of ammonium phosphate containing a small quantity 
of sodium benzoate, or a very dilute solution of bichloride of 
mereury, could be used with entirely satisfactory results. 
American practice is to coat both inside and outside surfaces 
of fabric with rubber so that mildew cannot attack the cotton. 
We also use wire cable for suspensions, and are therefore more 
concerned with rust than mildew on important members. 


Parachutes 


All airships as well as kite balloons are provided with para- 
chutes to permit the crew to abandon ship in the air in case 
of fire. Fortunately there has not yet been occasion to use 
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INDICATOR AND OBSERVATION WINDOWS 


the parachutes except in practice. It is believed, however, 
that if a fire does start there is some danger of the parachute 
catching fire before it gets away clear. 

Feeling that it would be desirable to render fire-resisting the 
silk that is used in the construction of parachutes, experiments 
were conducted with various salts, and it was found that im- 
pregnation with 10 per cent solution of ammonium phosphate 
gave successful results. The silk after treatment is dried and 
then formed into parachutes in the regular manner. The silk 
thus produced is resistant to flame, and when ignited ceases 
to burn almost instantly. Ageing tests have been made with 
cloth treated with ammonium phosphate and placed in an 
oven at high temperature for several days. These conditions 
failed to lower the strength of the fabric. 


Suspension Systems 


Practically all non-rigid airships which had been built up 
to the outbreak of the European war had what is known as 
a band suspension; that is, the lines carrying the weight of the 
car ran up to a band of strong, heavy fabrie which extended 
in a continuous line around the envelope. This band was 
located so that the lines reached the band at about the points 
where they became tangent to the envelope. As no portion 
of the band could take a very great load, such a suspension 
meant that each line from the car had to be sub-divided again 
and again so as to distribute the load into the band at very 
close intervals. There was thus produced a very large number 
of small lines close to the envelope which greatly increased 
the power required to drive it through the air. 
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Early in the war the British Admiralty developed a much 
simpler and neater suspension, using the so-called Eta patch. 
An improved patch developed independently by the Goodyear 
Co. is used on all American airships. 

In our suspension, steel wires are used, running up from 
the car to a patch on the envelope, which consists of four 
tapering “fingers” radiating from the point to which the 
suspension wire is attached. Each finger consists of a strip 
of fabric extending outward from a central portion from 
which two loops of manila rope project to receive the thimble 
of the suspension wire. Under each finger is cemented to the 
envelope an extension of one end of a loop, which has been 
frayed out and impregnated with rubber. Each end of the 
loop thus distributes its load into the envelope throughout the 
entire length of the finger, and the two loops having four 
ends give four fingers. This construction provides for a very 


wide distribution of the load from each suspension wire. 
As a result of the use of the patch suspension, it has become 
possible to make the entire car suspension of steel wire cable, 
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reducing the number and diameter of all suspension lines. 
This reduction in the amount of cordage in the neighborhood 
of the envelope has resulted in a considerable increase of speed. 

Fins on airships constructed abroad are of the flat, ex- 
ternally braced type, in which the fin is stiffened by a series 
of king posts and wire struts, all on the outside of the fin and 
consequently giving a considerable amount of resistance. We 
introduced at the very beginning of our airship. building a 
fin which is entirely internally braced, that is, its internal 
structure is such that it requires no external king posts or 
bracing wires. Naturally, this fin is considerably thicker than 
the European type of fin, but apparently is just as efficient 
as a control surface and weighs no more for unit area. 


Valve Construction 


Earlier valves on our non-rigids were of a most simple type 
of construction resembling the valves used abroad, and their 
tightness was nothing to be proud of. The problem of tight 
valves and certainty of operation was attacked by Mr. John 
Gammeter of the Goodrich Co., who produced an entirely 
original valve which it is believed has no superior. 

The tightness of this valve is due to the lip packing which 
is carried by the cover of the valve, but when the valve is closed 
rests on a solid metal ring forming the frame of the valve. It 
extends toward the inside of the valve, gradually thinning to 
a knife edge, and is made of soft rubber. In consequence, 
when the pressure comes on the valve the tendency is for the 
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tip of this gasket or lip to press more and more firmly against 
the metal seat as the gas pressure increases. 

The ideal valve for an airship should remain tight until the 
pressure at which it is to open has been reached, and it should 
then open wide and remain so until the pressure has decreased 
below the point at which it should open, whereupon it should 
close tightly. This valve very nearly meets these requirements. 
The arrangement of the linkage which carries the valve cover 
is such that the extension of the springs required to allow the 
full opening of the valve is very small. Consequently, the 
tension in the spring remains very pearly constant, and the 
ideal is very closely approximated. 

In the first ships constructed by the Goodyear Co., the opera- 
tion of the safety valves was controlled by a cord which ex- 
tended across the diameter of the envelope, attaching together 
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two valves, one on each side of the envelope. The theory was 
that when the pressure reached a certain amount, the sides of 
the envelope would be forced apart to a sufficient extent to 
produce a pull in the cord, causing the valves each to open and 
to remain open until the pressure fell sufficiently to allow 
them to close. The system works very well, but is difficult to 
keep in adjustment. 

Present valves depend entirely upon internal pressure for 
their operation, and open outward like a pop safety valve. All 
valves may also be operated manually. The present approved 
arrangement of valves is to have one at about the mid-length 
of each side and one at the tail of the envelope clear of the 
fins. The two side valves act as safety valves and are used 
for maneuvering only when both engines are stopped and a 
free balloon landing is necessary. The tail valve is the maneu- 
vering valve for use under ordinary circumstances, so that the 
escaping hydrogen is well clear of fire from the engines. 


C Class Airships 


After the completion of the B class ships, there was an al- 
most complete stop to airship work in the United States, and 
an improved single engine type which was designed in the 
winter of 1917-18 was not built. The reason for this was a 
discouraging report from abroad as to the effectiveness of air- 
ships on anti-submarine patrols. But the conclusions drawn 
from airship operations abroad in the bad winter weather 
proved to be premature, and as the good weather of the spring 
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of 1918 permitted English and French airships to operate 
more freely, it became apparent that we should proceed imme- 
diately with a larger and faster type. Using this time all of 
the practical experience gained at home with B class ships 
and detailed information from abroad with regard to British, 
French and Italian airships, the Bureau of Construction and 
Repair undertook to take a step in advance and to design a 
ship of maximum performance. Full use was made of all 
available sources of information. In the imitial stages of the 
design, the data regarding the performance of British airships, 
obtained from the British Admiralty through Lt.-Comdr. P. L. 
Teed, R. N. V. R.—attached to the office of the British Naval 
Attache at Washington—was especially helpful. 

Experience showed the advantages of high speed to cope 
with winds, great endurance to follow convoys long distances, 
and a duplicated power plant to lessen chances of complete 
breakdown at sea. The C class was designed with these ends 
in view. 

To obtain high speed, a new form of envelope and a car of 
very low resistance were developed from wind tunnel experi- 
ments. The speed was to be obtained by a combination of 
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high power with the utmost refinement in design to keep down 
resistance. Twin engines were used, giving a total of 250 
b.hp. The actual speed on trial was 60 mi.p.hr., making prob- 
ably the fastest airship of its size ever built. 

The principal dimensions and characteristics of the C-5, as 
weighed off before her start for Newfoundland, were as fol- 
lows: 


OE FREER OR OO Spy Re Poy FEY Tere See ht 192 ft 
Tt EE Rie ey ea Oe ae ey pen ow ee ae ee eA ah ee 41 ft., 9in 
es ie se i he uals ha ead hibtiey Seda wea 182,000 cu. ft 
a re 98 .6 per cent. 
Temperature... 65 deg-Fahr.> Total lift..................... >» 12,700 bb. 
Barometer... .. 30 in. 
Seika te 816c6 wk & Aig 6 4d yh 04 aie kw. 0 20'S 0S Tw ben 7,940 lb. 
Weight carried; 
ee SE NE er ee EE eee oe ey 1,015 lb. 
Sto i bd-5 di Pes. 0k a ole body Chews ea abi kas 3,250 lb. 
Ee a Sa ho a Site oases 6 bo ad aides 8 ate he eines 120 Ib. 
ee ee ree 25 Ib. 
Ce Scie PRE Ne Sia cel a lag eal onrils oF At ob 250 Ib. 
RPM RAE TAR SA es PL ae ne ge eee 15 lb. 
RR ee rea ne ar Pe 85 Ib. 
NS Sod ¢hivrcsd on FR ee oS, eS OSV wd ot aa 0 Ib. 
Useful load...... Sa Ree gtiine tS eae ee OE ea his pa oo wu Sai 4,760 lb 
Endurance at 45 mi. per hr., 47 hr., OF... .........2cccsdevccceee 2,150 mi 
Endurance at 55 mi. per hr., 28 br., OF.........0.cccccscescvese 1,540 mi. 


During 1918 contracts were placed with Goodyear and 
Goodrich for thirty airships, the cars to be supplied from the 
Burgess Co., Marblehead, Mass. After the armistice contracts 
were reduced to fifteen ships. 

C-1, the first ship, was completed in Sept., 1918, and on 
Oct. 22, 1918, flew 400 mi. from Akron to Washington in 
834 hr. It flew over the Navy Department: building and landed 
at Anacostia to permit an inspection by officers of the depart- 
ment. It then proceeded to Rockaway, Long Island. Later 
in the year, the C-1 was ordered to Key West and flew down 
the coast, stopping at intermediate air stations. 
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The C-5 on May 14, 1919, flew from Montauk to Newfound- 
land with 6 men in 25 hr. 50 min., a distance of 1022 naut. 
mi. on chart, without stop. This flight will remain for a 
long time as a notable achievement. The distance actually 
flown (not being in a straight line) was about 1200 naut. 
mi., or very nearly the distance from Newfoundland to the 
Azores. 

The C-5 was unfortunately lost at Newfoundland in a gale 
while moored out in a field, and was, therefore, unable to at- 
tempt the trans-Atlantic flight, which was within her designed 
endurance. 

The power plant of the C-1 consists of twin Hispano-Suiza 
engines fitted with propellers to hold the engine down to 126 
b.hp. This is done to increase reliability and because the 
envelope pressure is not sufficient for speeds over 60 mi.p-hr. 
The C-5 had twin Union 120 b.hp. engines. Each engine has 
an electric self-starter and the usual equipment. 

The tanks are arranged in the rear of the car under the 
center of buoyancy of the envelope, so that balance is not 
affected when they become empty. The gasoline drains from 
these tanks to a pair of pressure tanks under the floor of the 
ear. Each pressure tank contains fuel for an hour’s run under 
air pressure from an engine-driven air pump. Gasoline under 
pressure feeds from the pressure tank direct to the engines. 
The engineer shifts over from one pressure tank to the other 
every hour. This system was adopted to keep pressure off 
the main tanks, which are of light metal, and to eliminate the 
head resistance of an overhead gravity tank. It works well. 

The ear is protected from bumps against the ground by two 
pneumatic cylinders of rubberized fabric, which fit in cradles 
under the floor. Parachutes for the crew are carried in alumi- 
num buckets let into the bottom of the ear so as to be out of 
the wind. To save resistance, the drag rope which is to be let 
down to the landing party is coiled up in the bow compart- 
ment. The bottom of this compartment opens down like the 
lower jaw of a fish and permits the coil of rope to fall out. 
The pilot has only to step on a pedal to throw down his drag 
rope. 

The controls are separated. The direction pilot sits in the 
front seat and steers the ship by compass, having nothing else 
to do, while the altitude pilot sits in the rear seat and controls 
the course in a vertical plane. He has the elevator controls to 
look after, and, in addition, all valves, ballast and pressure- 
regulating devices on the envelope. His duty is the more 
exacting and requires experience. He controls the pressure 
of the gas in the envelope by letting air into the ballonets. 
For this purpose scoops can be let down into the slip stream 
of either engine, and there are valves to permit discharge of 
air into either the forward or after ballonet or to both. The 
mechanician in the next compartment handles the engines on 
signal and looks after the fuel supply. 

The operation of the ship is therefore divided among three 
men, who form the minimum erew. The fourth compartment 
is for the radio operator. The usual radio apparatus is carried, 
including radio telephone and direction finder. 

The C-5, in its flight from Cape May to Newfoundland via 
Montauk, for the first time carried its radio antennae inside 
the envelope. The installation was successful in every way. 
Even when the airship was moored close to the ground at 
Cape May, messages were sent for nearly a hundred miles and 
were received from the naval air station, Coco Solo, Panama. 
The C-5 on this trip also carried a hydrogen carburetor, a 
development of the British Admiralty. By means of this 
device when it would normally be desired to valve hydrogen 
during the course of the airship’s flight in order to control 
altitude, instead of valving hydrogen into the atmosphere, 
hydrogen gas from the envelope is burned as fuel in the 
engines, thereby effecting a saving of gasoline arid increasing 
the radius of action of the airship. 

Kite Balloon Progress 


In diseussing progress in lighter-than-air craft, I should 
not omit the kite balloon. While the kite balloon is not a self 
propelled airship, it is a very pretty engineering job and has 
caused us first and last a lot of trouble. The kite balloon as 
a design we took bodily from the British and our troubles 
came in reproducing it with our materials and in attempts to 
improve some admittedly weak points. The work done in that 
connection is not, however, different in kind from what I have 
already gone into. 
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The telephone cored cable is a typical feature. The great 
advantage of the kite balloon, and in fact its only reason to 
exist, is the facility and certainty of communication by tele- 
phone to the ground. Other aircraft use radio and are sub- 
ject to all sorts of interference and uncertainty. 

In the early days of the war telephone communication from 
a ship’s deck with kite balloons was held by means of a twisted 
pair of conductors independent of the holding cable, let down 
on a reel from the basket. Subsequently, it developed that a 
cable with a core of telephone wires was greatly desired to 
replace the outfit of cable and separate conductors, and that 
such a telephone core cable was being used successfully by the 
British and French. The British cable consisted of three single 
conductors each enameled, silk covered, twisted, and then cov- 
ered with a thin insulation of rubber around which was spi- 
rally wrapped a brass strip to serve as protection between the 
delicate core and the strands of the cable proper. Equipment 
for producing the thin supplementary rubber insulation 


required by the British cable was hard to find in this country. 
Consequently, a cable was developed by the American Steel 
& Wire Co., with a telephone core of three copper conductors 
each enameled, silk covered, twisted, and covered with a single 
layer of cotton, and finally insulated with high grade rubber 
of thickness equal to the combined thickness of the supple- 


Fig. 14. %-1n. D Kite Batuoon CABLE, 6 STRANDS OF 19 
Wires Eacu, Ruspsper CENTER WITH THREE WIRES 


mentary rubber insulation and the brass strip of the British 
cable. This cable has proved satisfactory without the brass 
armor on the core, and from the results of service is believed 
to be as rugged as the foreign cable. 

In the fall of 1917 steps were taken to develop suitable 
winches for handling kite balloons—a steam winch for use on 
small towing vessels, a gasoline-engine-driven winch for use 
on shore stations, and later an electric winch for use on capital 
ships of the fleet. The- principle of the single drum cargo 
winch with slipping frictions was tried and was found un- 
suecessful on account of the compression strain on the cable 
due to the superimposed layers on the drum crushing the 
telephone wire core. We next tried a “surge drum” winch 
equipped with one or more winding of “surge” drums on 
which the cable is laid in grooves in a single layer, and a 
storage drum, independent of the winding drum. The wind- 
ing drums exert all the pull on the cable which is stored on 
the storage drum under light tension. By this method the 
sable on the storage drum is not subjected to the severe crush- 
ing stress which would result from superimposed layers of 
eable put on under high tension. The gasoline-engine-driven 
winch of the N-C-L Engineering Corp. was the first one de- 
veloped and a notable improvement over former experiments 
was the use of the Entz magnetic transmission, such as is used 
on the Owen magnetic automobile, for transmitting power 
from an 8-eyl. Herschell-Spillman engine to the winch unit. 
This afforded a very wide and flexible range of speed control. 

In the spring of 1918 the first of the electrically operated 
winches was worked out for use on capital ships. The winding 
unit of these winches was identical with the gasoline-engine- 
driven type and the Standard Electrie Co. crane motor with 
appropriate controller replaced the gasoline engine and mag- 
netie transmission. 
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A successful steam-engine-driven winch was completed 
about the time of the armistice. The usual slow speed steam 
winch engine had to be discarded as not giving the necessary 
flexibility in control of the winch nor the speed desired in 
quick hauling down, and a small radial-cylinder sleeve valve 
high speed steam engine was successfully worked out by the 
N-C-L Enginering Corp. which solves the difficulties of a 
proper steam power plant. With the completion of this steam 
unit, the Department has now reached a point where satis- 
factory kite balloon handling winches are furnished using a 
standard winding unit with any one of three different power 
plants (gasoline, electricity or steam) for use on various type 
of vessels and on shore stations. 

Lightning has always been one of the chief enemies of kite 
balloons, and at the beginning of the spring, 1918, a large 
size strain insulator was regularly imterposed between the 
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bridle of the kite balloon and the top of the towing cable. 
This, of course, added a good deal to the weight of the kite 
balloon, but was believed to be a sure protection against 
destruction of the balloon by lightning. Balloons so equipped 
gave excellent service until August 1918 when the U. S. S. 
Gloucester towing a large 35,000 cu. ft. type R Caquot kite 
balloon at 500 ft. altitude anchored off the Section Base op- 
posite Naval Air Station, Rockaway, L. I., during a heavy 
storm. Lightning struck the balloon, completely destroyed it, 
and coming down through the bridle cables exploded the strain 
insulator and a theory which had held true many months 
through good luck. 
Construction of Rigid Airships 


The employment of Zeppelins by the Germans for naval 
purposes was so successful that it was obviously necessary to 
make some sort of provision for their construction if we 
desired to keep up with the times. The task of building such 
tremendous structures while in the midst of an intense cam- 
paign of war preparations was too much to be undertaken at 
that time so we contented ourselves with making certain that 
all of the materials required would be available when the 
proper time came. 

One of the most difficult materials required was the alumi- 
num alloy for the structural frame, which had never been 
manufactured in this country. Inquiry regarding this was 
sent to the Aluminum Co. of America in 1916 and they under- 
took in cooperation with the Bureau of Standards to produce 
such material. They were given samples of German Zeppelin 
wreckage obtained abroad. This was analyzed, duplicated as 
to chemical composition but did not develop the desired 
strength until a correct heat treatment was finally hit upon. 
Experimental girders were made up for test to get design 
data and to develop the manufacturing processes in manipu- 
lating the alloy. I am very happy to say that after two years 
of work, an American alloy has now been produced which 
appears to be satisfactory in every way and to exceed slightly 
in strength and elongation the original German samples. 

This is an alloy of aluminum containing about 4.5 per cent 
copper with smaller amounts of manganese, magnesium and 
silicon. In the soft condition as it comes from the heat 
treating bath the tensile strength is about 40,000 lb., but in 
24 hr. it seasons and hardens to 60,000 Ib. tensile (15 per cent 
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elongation). It, therefore, duplicates mild steel in strength 
but weighs less than half as much. In the soft condition it 
may be bent, stamped and worked cold into useful shapes and 
will harden afterward without subsequent warping or heat 
treatment. 

We knew that the German gas cells were made of a cotton 
fabrie covered with goldbeater’s skin, which was of a high 
degree of resistance to the passage of gas, but we had no 
knowledge of the processes by whieh this delicate membrane 
was attached to the fabric or kept in proper condition. Ex- 
periments were begun at an early date and are continuing up 
to this time on various methods of attaching goldbeater’s skin 
to the cloth; and we now have two successful methods, each 
presenting advantages over the other and each resulting in a 
fabric of high quality. One method uses the skins green as 
they come from the pickle and the other requires preparation 
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into a sheet which is then fixed to the cloth by a cement much 
in the same fashion as rubberized fabric is plied together. 

Fabric showing diffusion as low as 0.2 liters per square 
meter has been produced weighing only 5 oz. per sq. yd. 
(The notation appears mixed but is that of the chemist in the 
first ease and of the textile trade in the second.) 

There has been a continuous endeavor both here and abroad 
to produce some sort of an oil or compund which might be 
applied to cloth and which would give the same resistance to 
the passage of hydrogen as goldbeater’s skin. So far nothing 
has been discovered equal to goldbeater’s skin, that is, nothing 
of similar weight. Our experiments however have resulted in 
the development by Lieut. H. A. Gardner, of the Bureau, of 
tung oil coatings which approximate the resistance to permea- 
bility of goldbeater’s skin very closely. When varnished they 
equal the true skin and are only slightly heavier. 

Special engines for airships have not been developed in tne 
United States to any extent and we have been using airplane 
engines running at reduced power to get reliability. This 
necessitates changes in oiling and different jets for the car- 
buretor. The airship engine should resemble the automobile 
engine more than the airplane engine. It normally runs at 
from one third to one half full power; only in the case of a 
strong head wind is full power called for. The airplane 
engine always runs full power at the start and when climbing, 
and not below three-fourths power the rest of the time. Ten 
or twelve hours is a good run for heavier-than-air craft, but 
in an airship we have already cruised for 40 hr. with one of 
our little ships and the British record is over 100 hr. The 
Union Gas Engine Co. of Oakland, Calif., has attacked the 
problem of producing an airship engine and their 6-cyl. engine 
will be the standard equipment for all airships of the C and 
D classes. It has shown great reliability and very low fuel 
consumption over a wide range of powers. 

The Liberty engine is apparently one of the most versatile 
of creatures. Lacking a large engine similar to the Maybach, 
we turned to it as a possible airship engine and found that at 
from 250 to 300 hp., the power of the Maybach, the Liberty 
was at least as economical, no heavier, and apparently as 
thoroughly reliable and capable of operating for indefinite 
periods. 

One of the greatest problems in connection with the rigid 
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airship is that of maintaining the ship at a constant elevation 
as the fuel is burned out. Ordinarily this means that as the 
ship grows light, gas must be valved and the possibility of 
rising to greater heights in the future is consequently reduced. 
There have been many projects put forward for the prevention 
of this, including the taking up of water from the sea and 
‘the condensation of the moisture in the exhaust gases. 
Theoretically it should be possible to recover from the exhaust 
gases of the engine 114 times the weight of the gasoline burned, 
but so far no one has ever succeeded in doing this with an 
apparatus which is practicable for use on an airship. The 
Bureau of Steam Engineering has, however, been conducting 
experiments and has developed an apparatus which has suc- 
ceeled in condensing as high as 99 per cent of the weight of 
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fuel burned and has kept the weight within practicable limits. 
When it is considered that the best previous record for a 
similar apparatus which could be carried in the air was about 
55 per cent, it is believed that a notable improvement in air- 
ship operation is due. 

In discussing lighter-than-air progress, I should like to 
point out that while the airship is now being pushed by the 
Navy, we have had a late start. Compared with the NC flying 
boat, which is in advance of anything in the world, our best 
airships, the C class, while as good or better than any of 
equal size, are very small indeed compared to a Zeppelin. 
Consequently we may expect progress in airship design in the 
United States to be more rapid in the next few years than in 
seaplanes. 





The Licensing of Aeronautical Engineers and the 


Inspection of Aircraft 
By G. Edward Barnhart 


The following article contains many interesting suggestions; but, while there is no doubt that pilots should be licensed for 
civilian flying, there would seem to be a difficulty in the question of licensing aeronautical engineers, and there is no precedent 


in any other branch of engineering for such licensing. 
cal engineers. 
this article is invited. 





Editor. 


Aeronautical engineers should be licensed and all aircraft 
should be inspected before they are flown. It has been found 
necessary that boat captains should pass an examination and 
be licensed, and that all public utilities. such as boats, railroad 
equipment and elevators, should be inspected by competent 
government inspectors, to insure the safety of the public. In 
order to protect life and property, the Government and other 
bodies found it necessary to license pilots for military and 
civilian flying. With the same logic in mind, why should 
we not license aeronautical engineers? It is certainly of as 
much importance to have qualified men design and build a 
machine as it is to have a competent pilot. 

Need of Organization to License Engineers 

This being the case, it is very evident at this time that we 
are in need of a new organization to examine and license aero- 
nautical engineers for their respective duties. The commission 
or committee for this work should be organized and handled 
by the Government in a manner similar to that of licensing 
pilots of aireraft of either the lighter or heavier-than-air types. 
This branch of work is very important and most vital, for we 
have from time to time many engineers holding positions for 
which they are entirely unqualified. By virtue of their posi- 
tions they are left to make decisions which only a highly 
trained man should make. At this period of readjustment, 
when the aircraft industry is on the doorstep of its future 
development and realization, this phase of the subject should 
not be left without proper attention. 

In the early development of the heavier-than-air craft it was 
seen that the pilot or mechanician bore nearly as r-uch weight 
in his suggestions and criticisms of aircraft design and its 
serviceability as the more highly trained aeronautical engineer 
and educated man. It was also the case that many times the 
suggestions of the pilot were carried out rather than those of 
the engineer. While a great many pilots know their machine 
thoroughly from the standpoint of operation, inspection and 
actual construction, it is neither their duty nor calling to neces- 
sarily understand aerodynamics as would an engineer. This is 
said with all due eredit to our pilots. Again, cases have oc- 
eurred where pilots would be informed by laymen that certain 
parts would serve as well in the construction of their machine 
as those which were recommended for use by the engineer. 
Consequently, the pilot went out with a machine which was 
structurally weak, although in his own mind he believed it to 
be safe. The outcome of this was often an accident or a 
fatality. 

Owing to lack of time during the rush of war many men 
were called to fill positions as aeronautical engineers in the 
aircraft industry for which they were entirely unqualified. 
This is by no means a reflection on either the employer or em- 
ploye, but a condition brought about by the exigencies of war. 





It is also doubtful whether there is at present. a shortage of aeronauti- 
The suggestions regarding reports on wrecks and the maintenance of logbooks are very valuable. Discussion of 


Too much credit cannot be given to the Government for their 
training and development of pilots, mechanics and engineers. 
However, if the airplane is to become a potent commercial 
factor, now is the time when we must put it on a firm basis. 


Improving the Engineering Standard 


In this article it may appear that licensing engineers is 
meant to protect only the pilot and the general public, but it 
is hoped that it will help improving the aviation industry by 
weeding out all the unqualified and by supporting the manu- 
facturers in their work of development. It is hoped that the 
engineering standards of aeronauties will be improved by this 
plan, which is in direct alignment with the movement of states 
and organizations to license all practicing mechanical, struc- 
tural or civil engineers, so that only the qualified may make 
a practice of engineering. 

Now there is a shortage of qualified aeronautical engineers 
to fill positions in the various departments. To established 
companies the worth of a capable engineer is inestimable. In 
many eases, however, we find the engineering department re- 
duced to a minimum. This should not be the case, for even 
though the engineering department is a direct overhead charge, 
the value of that department through efficient methods and 
men will do much for the success of the company and aviation 
in general. As we see it in other engineering pursuits, the time 
is arriving when the engineer and the engineering department 
are receiving more consideration than they ever have in the 
past. 

Examination and Qualification 


Should the plan for licensing aeronautical engineers be 
adopted, they should be examined by a written or practical 
examination, as well as by documentary proof of their stand- 
ing, training and experience. They should either be able to 
fly or be sufficiently well versed in the subject to thoroughly 
understand all conditions of a machine in flight. The engineer 
should be capable of calculating and checking the design of 
a machine and properly aligning and adjusting it for flight 
or correcting any of the faults which may occur in design, 
alignment or flight. 

In engine design and inspection the engineer should be able 
to run such tests on new or used engines as will determine 
their fitness for use in aircraft. In the ease of older designed 
and used engines, the engineers should understand them so 
as to be able to decide whether or not these engines are service- 
able for any flying. 

Inspection Reports and Advantages 


Having adopted the plan of licensing engineers, the pilot 
should turn in to the Government or some authority reports 
signed by a licensed engineer who has thoroughly inspected 




















both the airplane and the engine. Similar reports should be 
made at stated periods, depending on the use of the machine, 
but approximately at the end of each hundred hours of flying. 
At such times as a repair has been made or the machine been 
badly strained, it should be inspected before taking the air. 
The pilot or owner of the machine should carry his license, as 
well as this certificate, showing that the machine is in a satis- 
factory condition. 

Although the inspecting engineers need not be in the employ 
of the Government until such a time that the air service would 
demand it, it would be well to hold these registered engineers 
at the service of the pilots, who will require the certificates of 
clearance. When the expansion of the aeronautical industry 
is such as to warrant it, both the pilot and the engineer should 
take civil service examinations and be held under the same 
ruling and jurisdiction. 

The privately owned single and double-seater airplane should 
necessarily come under an oceasional inspeetion by qualified 
persons. The inspection will be found to be of considerable 
advantage as in the case of the sportsman who uses the machine 
only occasionally and who will want to be assured that the 
machine is in the best of condition when it is in use. A con- 
sultant will often relieve the owner, pilot or mechanic of 
worries of unusual occurrence and clear up in their minds any 
outstanding problems that come up between inspections. This 
would serve to create interest in a mechanical and scientific 
side of aviation. 

Undoubtedly the chief engineer or several engineers of each 
corporation will be licensed, and they will bring the system 
to a still higher efficiency. In the case of a small company or 
individuals building single machines, it should be necessary for 
them to have a licensed engineer inspect their design and the 
machine before it is flown. Should the engineer decide that 
the machine is unsafe or of freak design, it should not be 
passed as satisfactory to service. The builder of the craft may 
consider it unfair to him, and he should have recourse to two 
or three aeronautical engineers in consultation. Their decision 
should be final. 

Moreover, a licensed aeronautical engineer for the inspection 
of aircraft would reduce the work of training pilots, inasmuch 
as it would only be necessary to give them a general under- 
standing of the airplane, instead of a more detailed one as is 
now necessary with them acting as their own inspectors. 
Should the pilot so desire, there is no reason why he himself 
should not be licensed as an inspecting engineer providing that 
he can pass the examination. 

After each accident an engineer should be called in to photo- 
graph and report on the wreck. A report should be made of 
minor, as well as major, defects of the airplane or engine. 
All information which it is possible to procure should be em- 
bodied in the report imeluding the testimony of qualified per- 
sons in describing the accident. After making this report, the 
engineer should make recommendations for repairing the ship, 
and he should again inspect it on the completion of the repair 
work. In ease of salvaging a machine, the engineer should 
inspect all salvaged parts. A similar course was adopted by 
the United States Government at its flying fields, and it should 
be followed in future aircraft inspection. 

The fee for these inspections could be a standard one de- 
pending on the machine, its age, and the ease with which the 
inspector might reach the place where the machine is located ; 
or the fee might be included in the yearly license tax of the 
owner or the pilot. 

No attempt is made here to dictate the policy on which a 
flying field shall be run, although at a later date inspection 
might be required for them. This inspection would cover 
their equipment and their location as regards accessibility 
from the air; also such items as wind, fog, drainage of the 
field, or any other climatic or topographical conditions. 

Maintenance of a Logbook 


The maintenance of a logbook for both the airplane and 
engine should be required. This should show all breakages 
and repairs, as well as any irregularities in the handling of 
the machine in the air or on the ground. Various individuals 
and corporations have maintained similar logbooks, but a 
higher degree of efficiency would be reached by adding the 
notes concerning the handling of the machine in the air. All 
commercial aircraft should be required to maintain these. The 
British Parliamentary Investigation Committee on Civil Aerial 
Transport has gone to some length in requesting the examina- 
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tion of all wrecks and accidents by qualified persons; and here 
the logbook plays an important part. The inspectors of a 
damaged or wrecked machine often require its previous history. 
This need will be filled by a logbook giving general remarks 
as to repairs of the machine, changes in design made necessary 
from breakages or suitability to the work which they are 
doing, or the failure of any fittings or wood parts. 

It is not the writer’s intention to act as an adverse critic 
toward our present system, or in any way to try and dictate a 
future policy. Neither is it his desire to cripple the industry 
by added expense, but rather to remove unsafe and freak 
machines from commercia! travel. It has been called to his 
attention in many ways, both large and small, that there is a 
great need for an improvement in the engineering standard 
of air travel. It is thought that this standard may be attained 
when only the mechanically safe machines are allowed to fly. 





A New Liberty Engine 


The War Department has developed a 24-cylinder Liberty 
motor which has just been successfully tested at MeCook 
Field. Originally the Liberty motor was designed for eight 
cylinders, then enlarged to twelve clyinders, The engine used 
in the test at MeCook Field was built of standard Liberty 
twelve parts. The changes were few, consisting chiefly of the 
use of two regular crank case upper halves, one of which was 
somewhat altered, and special design connecting-rods, 

The following table compares the Liberty 12 and the experi- 
mental Liberty 24: 

HORSE POWER (NORMAL) 
fe 


oF ge ewe ray rrr ES ere 400 
: POUNDS PER H. P. (DRY) 
TAG Bs gcc ¥io ik dvodgun 1.97 Oe eae eee 2.11 
GAS CONSUMPTION (POUND) PER H. P. AN HOUR 
SO | RFE ee 55 NE MR ane iss a' Sa @ikyp-0' op © 51 


The experimental Liberty 24 compares favorably with suc- 
cessful tests of foreign motors of approximately the same 
power. An engine of this power, if run at the normal speed, 
would enable the use of a comparatively large slow-speed 
propeller without gear reduction, thus increasing propeller 
efficiency. 

The following table compares the Liberty 24 and various 
high-powered foreign motors: 


Motor and Country of Manufacture. H. P 
ite cen Od 0570 G5. obo Bis, 8 6 WELL bidle.soa-0 0'.6.ad dpe 800 
a as MEE NOD «6 '60's 5'6 bodia os 0-4 wk 64.00.0008 be 36064 *673-738 
SE Se: MES ES aed b Seed aod 40: die WEA bas 0.0-celee kha sk a 600 
Rolls-Royce “Condor,” England...........cscecccces ee 600 
ts INE iw ws 95d 5, 0d 6 a's owe h 0.0001 04 000% bo 6 aape 600 
ES ES IOS aig ck bh cet pb ewer dedbdc b0 CRGER GO >a 550 
RE NINE, “SIN a At 5. 6's o's ss pbb 5.5. dd b ODA 60 0 6.65418 ohh 500 
Napier NE SI 0. 4. dog' 4 '3°0'X 00'S 6.n.0140 hale 0. ek 6 Oe 8 450 


Experimental, not rated. 





London-Paris Air Transport Service 


A new freight and passenger airplane service between Lon- 
don and Paris was inaugurated Aug. 25. The results of the 
first day’s operation show that this means of communication 
is entirely satisfactory and far more comfortable and speedy 
than the old systems. 

The airplane 4-A left London at 9.08 o’clock and returned 
at 2.45, completing the round trip in five and three-quarter 
hours. Two firms have started daily flights simultaneously, 
charging $75 to $100 single fare. Considering the advantages, 
these prices are not held to be exorbitant. Great hopes are 
held out that these fares will be reduced as operating condi- 
tions become better, and with bigger, better planes capable 
of carrying heavier loads. 

These planes carry one ounce of mail for $1. As. it is pos- 
sible to send 5,000 words for this sum, the rate is considered 
cheap. Cable tolls to Paris average 5 cents a word, and the 
airplane men say they will soon be able to beat the cable. 
The manufacturers say they have plans for reducing the time 
between the two cities to one hour, and that this may be 
realized in one year. 





Drops Mail on Ship 


The first air delivery of late mail for, outgoing ocean liners 
was ingeniously accomplished August 14, when an Aeromarine 
flying boat dropped a pouch on the White Star liner Adriatic. 
The feat was successful despite adverse weather conditions and 
a heavy sea, an hour and a half after the Adriatic left port. 
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‘‘ The Motor that made the Spad possible”’ 


Into each operation in the 
manufacture of 


HISPANO-SUIZA 
AERONAUTICAL 
ENGINES 


goes the engineering experi- 
ence and ability of this great 
Organization, drawn from the 
leading minds of the profession. 


—Which perhaps best 
explains the engine’s many 
superior differences. 
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Course in Aerodynamics and Airplane Design 


Part III.—Experimental Aeronautical Engineering 


By Alexander Klemin 


Technical Editor, Aviation and Aeronautical Engineering; Consulting Engineer, Aerial Mail 
Service; Consulting Aeronautical Engineer 


Section 8.—Wind Tunnel Experimentation 


Recent Progress in Aeronautical Laboratories 


In Part I, Seetion 1 of this course (AVIATION AND AERO- 
NAUTICAL ENGINEERING, August 1, 1916) under the title 
“ Modern Aeronautical Laboratories,” a fairly complete review 
was given of the aeronautical laboratories then in existence. 
Progress since that date has been rather in size than in develop- 
ment, the general characteristics of both tunnel, balance and 
subsidiary instruments remaining substantially the same. 
Propeller wind tunnels which have developed will not be in- 
cluded in this course, nor the methods developed in the in- 
vestigation of stability. 

National Physical Laboratory (England) 

The first effective N. P. L. tunnel was of 3 ft. x 3 ft. section. 

The following table indicates the classes of tunnel now in use: 


ComPARISON oF Winp TUNNELS aT NATIONAL Puysicat LABORATORY 


























| No. 1 No. 2 No. 1, No. 2, 
7 ft. | 7 ft 4 ft. 4 ft. 
Overall length... . . | 52 ft. 52 ft 
Length of parallel portion.........;41 ft.|41 ft. 25st. 25 ft 
Intake to balance... . . 20st. 25 sift. Se. % 1 6 ft 
Length of distributor... . . 35 ff. 132 ft. 21% ft. | 21% ft 
Length of core to propeller... . 10 ft. | 13% ft. 4 ft. Se 4 ft 
Angle of cone (internal). 20 deg. | 20 deg. 30 deg. 30 deg 
Diameter of propeller. ; 10. ft 11% ft. 5% ft. Mg ft 
Effective pitch diameter*. ; : SO o:2 AA os 
t. per sec.... as 000 | § 3: . 
R.p.m. at 60 ft. per sec | not nee.) 
Power absorbed at 62 ft. per sec../ 48 hp. | 56 hp 8 hp. 14.6 hp 
(50 ft. sec:) | . 
R.p.m. at 80 ft. per sec........ 1210 | i 150 
Power absorbed at 80 ft. per sec.. | 155 hp; - 23.3 hp. 
| | | (70 ft. sec.) 


| | 


; 





* Effective pitch is calculated from air speed in the tunnel just before the pro- 
peller (neglecting increase of velocity due to inflow) divided by revolutions per 


minute. 

In diseussing the N. P. L. tunnels, J. R. Pannell states that 
the 7-ft. No. 2 tunnel is not an exact copy of the No.1. The 
buildings in which they are housed are of approximately the 
same size, but, as the newer tunnel is supported on steel frames 
instead of concrete columns, the obstruction to the flow of air 
returning to the intake of the tunnel is appreciably less. In 
spite of the increased area available for the returning air, the 
No. 2 7-ft. tunnel is less steady than No. 1. This is possibly 
due to the reduced length of the distributor and increase in 
effective pitch of the propeller, which means that the propeller 
is working at a larger angle of incidence, for the blade elements 
and therefore in a condition of more disturbed flow. 

Curtiss Tunnel of the Eiffel Type 

The. new 7-ft. Curtiss tunnel is of the Eiffel type, but 
presents some novel and interesting features. It is suspended 
on steel cables from the ceiling of a room 103 x 30 x 35 ft. 
This allows a somewhat less disturbed movement of the air 
than where the tunnel is mounted on steel columns. 

A 400-hp. Liberty motor with a three-bladed propeller is 
used for the air circulation. The collector portion of the tunnel 
is 15 ft. long. The entrance diameter is 17 ft., and the diameter 
at the wall is 7 ft. The diffuser starts at the experimental 
chamber end with a diameter of 8 ft. and gradually enlarges 
until at the motor end it is 12 ft. in diameter. The diffuser 
has a length of 37 ft. The experimental chamber is of the 
Eiffel type, and has a length of 15 ft. and a width of 13 ft. It 
is thus of much greater diameter than the rear end of the col- 
lector or the front end of the diffuser. The main advantage 


of this large experimental chamber is that it permits the ob- 


server to stand within the chamber to adjust a model, or even 
to observe while the experiment is in progress. It is also 
claimed that this type of experimental chamber prevents 


pocket-action due to the sides of the tunnel as in the N. P. L. 
type. 
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Definition of Tunnel Efficiency; Efficiency of Various Tunnels 
Tunnel efficiency may be divided into two parts: 
Channel efficiency e¢ = 
Kinetie energy of stream in experimental chamber 
Useful power exerted by propeller 
Overall efficieney e, = 
Kinetic energy of stream in experimental chamber 
Power required to drive the propeller 
The useful power exerted by the propeller may be defined as 
the thrust of the propeller into the velocity of the air-stream 
in front of the propeller, extra velocity of inflow not being 
considered. This may be computed for any given propeller, 
but as we have insufficient data for this purpose, it seems more 
useful to consider the overall efficiency of the various tunnels 
for which figures are at hand, assuming standard air at 15 deg. 
C. and 760 mm. or .07608 Ib. /eu. ft. 








(a) N. P. L. No. 1 4ft.; 8 hp. at 50 ft/see. Overall 
efficiency = .54 

(b) N. P. L. No. 2 4-ft.; 14.6 hp. ‘at 62 ft/see. Overall 
efficiency = .56 

(c) N. P. L. No. 1 7-ft.; 48 hp. at 62 ft/see. Overall 
efficiency = .56 

(dq) N. P. L. No. 2 7-ft.; 56 hp. at 62 ft/see. Overall 


efficiency = .48. 

As an example of a small tunnel, there is the East London 
College tunnel, 2 ft. square, with an overall length of 23 ft. 
8 in., of exactly similar type to the N. P. L. tunnel. It is 
provided with a 3 ft. 6 in. diameter four-bladed steel propeller 
with varying angles of blade. 

(e) East London 2-ft. tunnel overall efficiency: 

5 hp. at 38 m.p.h. or 55.5 ft/see. = .298 
1 hp. at 20.5 m.p.h. or .30 ft/sec. = .232 

Two Eiffel tunnels were described in Part I, Section 1. 
These are of the Venturi type with a chamber at the throat of 
the Venturi. The larger channel has a bell collector with end 
diameters 13.1 and 6.6 ft., with a length of 10.8 ft., and an 
expanding trunk 29.5 ft., long with end diameters equal to the 
collector. The expanding trunk connects with a suction blower, 
having a sectional area of 97 sq. ft. In the experimental 
chamber the air stream is 6.6 ft. in diameter. 

In this channel a maximum velocity of 105 ft./see. is ob- 
tained with a 50 hp. electric motor, driving a 50 per cent 
efficient Siroceo blower. 

(f) Eiffel 6.6 ft. diameter: 50 hp. at 105 ft./see. efficiency 
= 1.73. 

The efficieney—and strictly speaking this is not efficiency, 
but a utilization coefficient—is surprisingly high, particularly 
in view of the low efficieney of the Sirocco fan.. No doubt the 
Eiffel tuinel is more efficient than the N. P. L. type because 
of its comparatively short length, consequent reduction in 
friction losses, and because of the absence of sharp breaks 
in section. 

In the small Eiffel tunnel there is a bell collector with ends 
6.6 ft. and 3.3 ft. in diameter, 5.27 ft. in length and an ex- 
panding trunk 19.2 ft. long connected to a Siroceo suction 
blower. The diameter is 3.3 ft. 

(g) Small Eiffel tunnel 3.3 ft. diameter: 131 ft./sec. with 
50 hp. Efficiency = .825, which, although much lower than 
in the large Eiffel is higher than any of the N. P. L. values. 

(hk) In the Curtiss 7-ft. wind tunnel, Dr. J. G. Coffin states 
the maximum speed to be 95 or 96 m.p.h. with the low com- 
pression Liberty engine turning about 1175 r.p.m. which cor- 
responds to about 225 hp. This gives an efficiency of 1.35, 
which compares well with the Eiffel tunnels, particularly as 
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this is the maximum speed, at which the efficiency of a tunnel 
generally falls off. 

(i) No data is available for publication on the closed circuit 
tunnel at the Washington Navy Yard, but in a recent issue of 
AVIATION AND AERONAUTICAL ENGINEERING complete data is 
given for the tunnel of the Instituto Centrale Aeronautico of 
Rome. With a seventeen-blade wooden propeller of efficiency 
.75, and a 2-meter experimental chamber the horsepower re- 
quired at 40 meters per second was 60 m.p.h., giving an ef- 
ficiency of 3.64. This surprisingly high figure is no doubt due 
to the fact that in a closed cireuit tunnel, discontinuity of flow 
is entirely avoided. 

The closed cireuit tunnel also offers the advantage that a 
comparatively small building can be employed to house it. 
It is possibly the heating of the air and the persistence of 
eddies in a closed cireuit that prevent the wider adoption of 
this type. 

Design of the Propeller for a Wind Tunnel 


To an experienced propeller designer, there is no difficulty 
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Fig. 1. N. P. L. AzropyNAMIcAL BALANCE 


in designing a suitable propeller on the ordinary airplane 
propeller basis. Given the velocity of air in front of the 
propeller, a suitable expression for the inflow and outflow, the 
propeller can be designed on the basis of the thrust required 
by a slight variation of usual propeller design methods. 


Principle of the Aerodynamical Balance 


While the Eiffel tunnel has a greater coefficient of utilization 
than the N. P. L. tunnel and with large experimental chamber 
offers many other advantages, it can be safely said that the 
N. P. L. balance is far superior, permitting readings to be 
taken more quickly and with less subsequent computation. 

A sketch due to W. L. Cowley and H. Levy in Fig. 1 il- 
lustrates this balance diagramatically, and an explanation of 
this sketch will serve as an introduction to the fuller description 
given later. 

The model to be tested M is fixed in position as shown with 
the wind blowing in the direction FM. The instrument consists 
of an upright support PAM passing through the channel floor. 
At A is an oil seal whose function is to prevent disturbances 
by air being drawn through into the channel from the outside. 
APQRT is all one piece supported at the single point P of the 
fixed standard B. R is a stability weight, which, when its posi- 
tion is varied vertically, causes the sensitiveness of the-balance 
to be adjusted. 

In operating the balance the arms PQ and PQ’ are balanced 
by weights until they are in a horizontal position. When they 
are in a horizontal position, the dimensions of the parts being 
known, the forces on the model, both lift and drift, can be 
readily determined. 

The forces on the two arms can be obtained simultaneously, 
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while the balance must be freely pivoted at the point P during 
these measurements, it must be prevented from rotating about 
the vertical axis by constraining the arms by means of a strut 
and spring C connecting the portion PY to the fixed standard. 

For the measurement of the moment on the model about the 
vertical axis, the strut and spring C are removed and replaced 
by a calibrated spring and the screw at S loosened until the 
spring Sp bears upon the point 7. The balance is now capable 
of rotation only about the vertical axis TP, and by measure- 
‘ment of the degree of compression or extension of the cali- 
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TypicaL Winp TUNNEL BALANCE 


brated spring required to bring the balance to its normal posi- 
tion the moment can be determined. 
Drawing of a Typical Aerodynamical Balance 

In Fig. 2 is shown a drawing of a 4-ft. wind tunnel balance, 
which is typical.in every way, and in Fig. 3 is shown a 
photograph of a balance of exactly similar type though em- 
ployed in a different laboratory. 

With the preceding introductory paragraphs and a brief 
description, the reader should be able to follow the above draw- 
ing. 
~ For the purpose of measuring lift and drift the balance in 
Fig. 2 is supported on a single point O. S is the oil seal 
previously mentioned. By means of the movable weights F 
the center of gravity of the upper part of the balance is made 
to lie on the axis of rotation. A vernier and clamping arrange- 
ment enable the model to be placed at any angle required to 
the wind. By means of the screw adjustment K, the balance 
is either thrown into the lower pivot when it is required to find 
turning moments or released, when lift and drift forces are 
required. The wire 7 when in position is a torsion wire used 
to measure the moments on a model. The balance ean be made 
to rest either on the point O or on the two points P. For a 














detailed description of the balance the reader is referred to 
original reports. 
Wind Tunnel Velocity Instruments 


Apart from the balance, wind tunnel experimentation re- 
quires a large number of subsidiary instruments, such as oscil- 
lators, special devices for testing one surface in the presence 
of another, and many other pieces of apparatus which the 
operator has to devise and build for himself. The velocity 
measuring instruments are more or less standardized and some 
of them are purchaseable. These include: 

Pitot Tube 

A full description of this was given in Part I, Section 2. 
The Pitot tube is indispensable in the initial calibration of the 
tunnel, and in exploring the cross-section of the tunnel for 
regularity of flow, but it is not suitable for measuring the 
velocity of flow of the tunnel during experimentation, as even 


























Fig. 3. AERODYNAMICAL BALANCE 


the smallest Pitot will create a disturbance in the air flow. It 
is therefore replaced by a side plate as shown in Fig. 4. 
Side Pressure Plate 
The theory of the side pressure plate is very simple. If 
p = pressure at any point in a streamline, v = velocity at any 
point in a streamline, d = density at any point in a streamline, 
and p, = pressure where v is zero, then by Bernauilli’s theorem 
2 
p+ = 
29 
In an open-cireuit wind-tunnel of the N. P. L. or Eiffel type 
the fan sucks air through the tunnel which is therefore all 
under suction. The air is discharged by the fan through a 
strainer into the building at one end, whence it returns at low 
velocity to the other end to pass again into the tunnel. 
At a point in the room the total pressure, which would be 
dv, 


2g 


= po, if friction losses are neglected. 


| 


transmitted by a pressure impact tube would be p, -+- 


= po. 
2 


a” ee ee ; 
The quantity =— is so small however, owing to the low 
2a 
return velocity in a large room, that it is possible to write 
2 
dv 
br = Po = p+. 


9 g 
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If therefore a hole in the side of the tunnel is connected with 
one end of a liquid manometer, and the other end of the 
manometer is left open to the room, the gage reading will be 

dy’ s ° 
Pr — Pp = Po — p = >~, 8o that the reading of the manometer 
<9 
is a measure of the velocity. 


ety ev ; 
Strictly speaking pr = p + 5- + py, where py is a measure 
al 


The error due to the side plate is of the 
It is therefore neessary to calibrate the 


of the friction losses. 
order ot 3 per eent. 
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Fig. 4. Sipe Pressure PLATE 


side plate and its manometer against the standard Pitot tube 
and its manometer. 

The side plate shown in Fig. 4 consists of a thin brass disk 
about 3 in. in diameter, set flush in the wall of the tunnel. The 
disk is flat and highly polished. Near its center, five holes 
0.02 inch in diameter are drilled. These holes are connected 
with a brass tube soldered to the back of the plate and pro- 
jecting through the side of the channel. Rubber tubing is used 
to transmit the static pressure from the small holes to one end 
of a manometer. 

The pressure transmitted by the side plate has been found 
to respond very quickly to changes in velocity, and the method 
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Fig. 5. ALcoHoLt MANOMETER 


is even more sensitive than the Pitot tube. Naturally its 
precision is no better than that of the Pitot used for its calibra- 
tion. 

The pressure difference OEE by the side plate is read 
on an inclined aleohol manometer on the Krell principle. Both 
the side plate and this aleohol manometer require calibration 
against a standard. For convenience, the side plate and its 
manometer are calibrated together against a standard Pitot 
tube and a Chattock manometer. The procedure in such 
calibration is obvious. 

The Krell Manometer 


The ordinary U-tube manometer filled with water, gasoline, 
aleohol, or other light liquid, shows a head of less than 1 in. 
for ordinary velocities, and it is impracticable to read the move- 
ment of the meniseus. An inelined manometer such as the 
Krell gives a much larger displacement for a given head. This 
manometer is shown in Fig. 5. One leg of the U-tube is an 
inclined glass tube and the other is a reservoir bottle whose 
section is some 400.times the section of the tube. Hence, as 
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liquid rises in the glass tube, the depression in the reservoir is 
unimportant. 

As shown in Fig. 5, the reservoir R is mounted in a hinged 
plate with leveling serew.. By means of the latter the liquid 
in the tube is brought to the zero of the scale at the beginning 
of a test, thus making a zero correction unnecessary. The glass 
tube 7 is likewise mounted on a brass plate pivoted at the 
knife edge K, and adjusted in pitch by the serew S. To the 
brass plate are attached permanently two small machinists’ 
levels L, and L, set at 3 deg. and 6 deg. to the axis of the tube. 
For a low velocity the 3 deg. inclination is used. Displacement 
of the liquid in the tube 7 is read on a scale graduated to half 
a millimeter. The head is given by the formula: 

Head of liquid = displacement in Tz sine of inclination. 

From experimental work at the Massachusetts Institute of 
Technology, the following conclusions were reached : 

(1) The inclined type of liquid gage as commonly employed 
in ventilation work is not an instrument of precision. 





Fig. 6. CHatrtrocK GAGE AND ALCOHOL GAGE 


(2) For consistent results, the glass tubing used must be 
free from all slight flaws on the inner surface which might 
cause changes in capillarity throughout the bore. 

(3) The tube must be uniform in diameter. 

(4) The tube must be as large as it is possible to use and 
still get a good meniscus. 

(5) For aleohol at 3 deg. inclination an internal diameter 
of 0.22 in. is suitable. 

(6) The maximum precision with such a gage used to meas- 
ure air speeds from 4 to 40 mi. per hr. is about 1.5 per cent 
on velocity. 

(7) The aleohol gage properly constructed is consistent and 
very sensitive. 

(8) The aleohol gage may be used as an instrument of pre- 
cision when ealibrated against a standard. 

The Chattock Gage 

The Chattock gage is shown in Figs. 6 and 7. The principle 
of the gage is that of the inclined liquid U-tube; but, instead 
of giving the tube an initial pitch and observing the change 
of level of the liquid, the Chattock gage is fitted with an elevat- 
ing screw and micrometer by which the gage is tilted to bal- 
ance the pressure difference in its two ends. By reading on the 
micrometer the amount of tilt given, the head in inches if 
liquid is computed. By this means there is no motion of the 
liquid in the glass, and errors due to ecapillarity and viscosity 
are eliminated. Furthermore, the condition of the surface of 
the glass has no effect. 

The gage consists of a glass U-tube mounted on a tilting 
frame 7. The pressures to be measured are connected to the 
bulbs A and C, which are in communication with each other 
through a horizontal tube bearing a third bulb B at any inter- 
mediate point. The bulbs A and C and the lower part of B 
are filled with water. The upper part of B is filled with castor 
oil. The water in B and C is in free communication, and hence 
the oil in B is at the pressure of C. The water in A is led 
through a thin-walled tube through the bottom of B extending 
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into the castor oil. An excess of pressure in A over the pres- 
sure in C will cause water to flow from A into B. A water 
bubble will then grow at D and expand into the oil. The gage 
ean be tilted so that this bubble remains of uniform diameter. 
The pressures in A and C are then balanced. To provide this 
tilting the manometer is mounted on a tilting frame 7, which 
pivots on the knife edges at G and is elevated by the screw F’. 
The whole is carried on a bed frame Z fitted with three level- 
ing screws J, a retaining spring H, and a scale S, on which 
may be read the full turns of the screw F. 

A microscope M, fitted with cross-hairs, is mounted on the 
frame T and directed at the bubble B. A small mirror on the 
opposite side illuminates the surface of the bubble. The serew 
F is fitted with a large drum divided into 100 parts. The screw 
has 20 threads to the inch. The gage is sensitive to one-half 
of a division on the drum, and hence to a movement of the 
screw of 1/4000 in. 

Before a measurement is taken the bulbs A and (' are 
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Fig. 7. CHatrrock MICROMANOMETER 
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opened to the air of the room and the frame tilted by moving 
the micrometer until the top of the bubble B is brought tangent 
to the horizontal cross-wire of the microscope. ‘This is the 
zero reading. The bulbs A and C are then connected to the 
two parts of a Pitot tube and the frame tilted until the bubble 
is again on the cross-wire. The amount of tilt is then read on 
the micrometer. 

For the caleulation of tilt it is then necessary to measure 
the distance between the centers of the bulbs A and C and the 
distance from the knife edge G to the serew F. An error of 
0.1 in. in either of these measurements is an error of 1 per 
cent in head or 0.5 per cent in velocity. There is no difficulty 
in getting these distances to the nearest hundredth of an inch. 
The screw thread is cut so precisely that it is impossible to 
detect any error in the pitch of the thread. The hole in Z is 
tapped with a standard Brown and Sharpe tap. The caleula- 
tion of the change in level of the surfaces of the liquid in A 
and C is precise to 0.1 per cent. 

Since the gage is sensitive to less than 0.1 per cent for heads 
of more than 0.3 in., the measurement of velocity depends on 
the precision of the Pitot tube. The latter is good to probably 
0.25 per cent in velocity. However, the air current always has 
some fluctuation at high speeds so that in the end the velocity 
measurement is limited in precision by the closeness with which 
such fluctuations can be averaged. In a very steady current, 
such as our wind tunnel, it is found that the error in estimating 
velocity is less than 0.5 per cent. The average of a number of 
observations is, of course, better than this. 

Change in density of the salt solution is 43 per cent for a 
change of 60 deg. F. in temperature. A temperature correction 
is ordinarily unnecessary. 
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The Trompenburg Pursuit Airplane 


The Trompenburg pursuit airplane was built for the Nether- 
lands Air Service by the Trompenburg Automobile and Air- 
pene Manufacturing Co., of Amsterdam, to the designs of 

enry Wynmalen, the well-known pre-war aviator. This ma- 
chine is noteworthy not only as a Dutch sample of modern 
airplane construction but also on account of its performance, 
which is remarkably good if one considers the comparatively 
low-powered engine employed. It is obvious from the accom- 
panying illustration that this performance is principally due 


The center section is fixed to the fuselage by means of four 
vertical streamlined struts, while the planes are braced be- 
side the customary wiring by one pair of vertical interplane 
struts. Two oval cellon windows are let in the center section 
to inerease the pilot’s visual range upwards. No stagger, 
sweepback or dihedral is embodied in the wings; positive ail- 
erons are fitted to both upper and lower planes. 

The fuselage is roughly of reetangular cross-section, with 
slightly domed sides, and is apparently built up on four 














QUARTER FRONT VIEW OF THE 


to the clean design of the whole airplane, incorporating care- 
ful streamlining of the fuselage, judicious wing bracing and 
the use of swaged wire for exposed stays, 

Both upper and lower planes have a span of 8.19 m., and 
a chord of 1.42 m. Each plane of either right or left hand 
wing is of equal span, the upper planes being joined by a 
center section of 0.85 m. width, while the lower planes are 
attached to the lower fuselage longerons. This arrangement 
is distinetly advantageous from the production viewpoint be- 
cause all planes are structurally identical, although, of course, 
they are not interchangeable once they are surfaced, this 
owing to the position of the interplane strut sockets, ete. 


British Airship Combine 


According to the London Daily Graphic, a large British air- 
ship financial combine, with several millions sterling in money 


at the back of it, is under course of development. This com- 
bine, it is stated in authoritative cireles, will be heavily sub- 
sidized by the governments of the various European Powers, 
and will be in active operation before the end of the year. 

Three distinct types of airships are to be controlled at the 
works of the amalgamated companies, situated somewhere in 
the north of England. Airships of moderate size and high 
speed will carry express and mails and passengers. Passenger 
liners of large size and high speed are to be made for longer 
distance flights, and large airships of comparatively slow speed 
and large carrying capacity are to be constructed for general 
transport. 

Wealthy travelers are to be catered to with small, non-rigid 
airships maintained at much the same cost as a small yacht. 

It would appear that the Vickers will be one of the mem- 
bers of the above combination. 

The Vickers passenger airships under contemplation will 
be of 3,500,000 cu. ft. capacity, will be housed comfortably 
in existing sheds, and carry fifteen tons of passengers and mails 
for a distance of 4,500 miles at a speed of 60 m.p.h. 
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Pursvuir AIRPLANE 
longerons with either veneer bulkheads or wire braced cross 
struts insuring rigidity. Information on this detail is not 
furnished by the manufacturer. 

The power plant consists of an air-cooled 9-cyl. rotary 
engine, built by the manufacturer, which has a bore of 120 
mm. and a stroke of 160 mm. and develops 130 hp. at from 
1100 to 1200 r.p.m. Two machine guns are synchronized with 
the engine for firing through the propeller. The fuel capacity 
is 28 gal., the oil capacity 4 gal. 

The machine has a high speed of 185 km.p.h. (115 m.p.h.) 
and climbs 1000 m. (3300 ft.) in 2 min. and 3000 m. (10000 
ft.) in 11 min. 


The main airship routes and times of travel in this scheme 
will be as follows, all voyages starting from London: To 
New York, 2% days; San Francisco, 44; Cairo, 142; Colombo, 
Ceylon, 444; Perth, Australia, 7; Nairobi, East Africa, 342; 
Cape Town, 51%; Rio de Janeiro, 4. 

The British western system, to take advantage of the pre- 
vailing winds, will consist of two main lines direct and via 
Lisbon and the Azores to New York and thence to San Fran- 
ciseo. The London to Rio de Janeiro route will be by way of 
Lisbon and Sierra Leone. 

The Messrs. Vickers have already announced a provisional 
fare of $240 per passenger to New York, and mail rates at 
314 pence an ounce. 


Pacific Coast Taxis 

The Paeifie Aviation Co. of San Franeiseo, Cal., has estab- 
lished an aerial taxi service on the Pacific Coast. Two passen- 
ger planes, piloted by B. M. Spencer, former test pilot at 
MeCook Field and Sam Pureell, former instructor at San 
Diego, are operated at present between any California Cities, 
while it is planned to install a fleet of ten passenger carrying 
planes within the next few months. The two planes now in 
use are of the Glenn Martin TT type with Curtiss OX-5, 90hp. 


motors. 





























The Van Sicklen Chronometric Tachometer 


By Frank J. Feely 


There are many types of speed measuring devices, which 


operate upon nearly as many different principles. Some of , 


these have been quite successfully used as automobile speed- 
ometers, but on account of the extreme conditions eneountered 
in airplane practice, most of these instruments were not satis- 
factory, for this use. Extreme temperature variation, change 
in air density, vibration, and the existence of stray magnetic 
fields eliminated all but two types of tachometers for satis- 
factory use on airplanes; namely, the chronometric and the 
centrifugal types. 

Both of these are strictly mechanical in operation, the first 
measuring speed by time, and the second using the well known 
principle of centrifugal force which is used in a steam engine 
governor. The chronometric tachometer is intermittent in 
action and registers speed every second or every other second, 














A portion of the drive mechanism of the Van Sicklen tach- 
ometer is indicated by A in Fig. 1 and also in Fig. 2. A in 
Fig. 2 is the driving tang which is connected to the rotating 
shaft whose speed is to be measured. E£ is a worm fixed to the 
upper end of A; A and E rotate as a unit in a sleeve which 
is forced into the threaded boss of the tachometer case. A ball 
thrust bearing takes care of the end thrust caused by the action 
of the worm while a phosphor bronze sleeve serves as a guide 
bearing. 

Part C (Fig. 2) consists of two gears mounted on a pivoted 
plate one of which has a crimped spring washer under it to 
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create friction; as A turns, gears on C turn through the medium 
of the idler unit B. A clockwise rotation of B causes the 
pivoted plate C to turn in an anti-clockwise direction. On ac- 
count of the torque required to overcome the friction this 
action causes the right hand gear of C to be thrown into mesh 
with lower gear of the spring barrel unit shown in Fig. 3, which 
rotates in ball bearing B (Fig. 2). 

Should there be a reversal of direction of rotation of driving 
tang A (Fig. 2) with a consequent reversal of B the pivoted 





Fig. 1. Tachometer with Top Puate aNnp FRICTION 
Disc REMOVED 


while the centrifugal is continuous with the time lag caused by 
the inertia of its moving parts. The chronometric tachometer 
has a uniform dial, and since its calibration is controlled by 
the timing of its watch unit, its accuracy approaches that of 
a watch. This accuracy is of a very high order, being greater 
than that of any other speed measuring device. The centrifugal 
tachometer has a frictional lag which eauses it to register less 
on increasing speeds than on decreasing speeds. This differ- 
ence in the average centrifugal instrument on the average is 
nearly 60 r.p.m. in increasing and decreasing speed. The 
chronometric tachometer does not have this frictional lag. 
The general principle of all chronometric tachometers is 
the same. Speed is measured by time just as with the ordinary 
speed counter and stop watch. However, the count is per- 
formed automatically and in a shorter space of time than it is 
with an ordinary speed counter. In general, this instrument 
has a counting mechanism which is connected to the driven 
member automatically for a given period of time, usually one 
second. During this time, the counting mechanism makes a 
count of speed, and then it is disengaged from the drive 
mechanism, and allowed to return to zero position. An in- 
dicating mechanism registers this speed and the pointer remains 
stationary while the counting mechanism is returned to zero. 
The writer will confine himself to the description of the 
Van Sicklen chronometrie tachometer. Parts of this instru- 
ment are illustrated in Figs. 1 to 5; the assembled instrument is 
not shown, but the dial is simply uniformly graduated from 
zero to 2500 r.p.m. for a complete rotation of the pointer. 
Fig. 1 shows the assembled mechanism without case and dial. 
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- plate C would turn in clockwise direction and throw the left 


hand gear of C into mesh with lower gear of the spring barrel 
unit. It will be seen that through the action of reverse unit C 
(Fig. 2), the gear A in Fig. 3 will rotate in the same direction 
the driving tang. JD is the spring barrel and contains a coiled 
main spring similar to that of a watch. 

In Fig. 3 gear A is fixed to shaft B and so is gear C; the 
spring is fastened to the shaft while the outer end bears against 
a polished ring, the whole chamber being filled with special 
grease. As the shaft B rotates, it winds up the spring until the 
torque overcomes the friction between the end of the spring 
and the polished ring, and then the end of the spring starts to 
slip. The spring is therefore kept wound up to constant 
tension by power. 
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The spring barrel D furnishes the power for driving the 
watch unit C (Fig. 1), through gear F and intermediate gear- 
ing just as in an ordinary watch. The complete watch 
mechanism is shown in Fig. 4. F is a temperature compensated 
balance and through escape mechanism similar to that used on 
regular watches allowes the fly B, which has two arms, to escape 
a pinion C every half second. The friction disc D rotates by 
friction with B and is used as a shock absorber to prevent sharp 
blows upon the watch eseapement and also to do away with 
rebound. 

Gear A (Fig. 4) turns with fly B and through intermediate 
gearing allows spring barrel B (Fig. 1) to unwind through a 
short are every half second. Cams E (Fig. 3) are fixed to 
spring barrel and turn with it every half second. 

By referring to Fig. 1 it will be seen that the gear indicated 
by center arrow B is in mesh with the top gear of the spring 
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zero point. During the next cycle the counting gear gives u 
new count of speed and the hand is allowed to accommodate 
itself to the new position and to hold it while the counting gear 
returns for the new cycle. The hand of the mstrument is 
accordingly reset every two seconds and registers average speed 
over one second. 

It will be seen from an analysis of these operations that the 
instrument is strictly mechanical in its principle and that its 
calibration is controlled by the timing of the watch. In the 
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barrel unit. Directly under this gear and fastened to it is a 
smal] V-tooth gear. This gear rotates at a speed which is 
directly proportional to that of the driving tang since it is con- 
nected through a train of gears, this gear is mounted on a lever 
which is acted upon by a spring. ‘The lower end of the lever 
bears against the middle cam Fig. 3 which causes it to rise and 
fall intermittently. 

When the lever is down the small V-tooth gear is in mesh 
with the center gear Fig. 1, called the counting gear. The 
center cam allows the small gear to be in mesh for exactly one 
second during which time the counting gear is turned at a rate 
proportional to the speed of the drive. At the end of one 
second the small gear is thrown out of mesh for one second 
then it is allowed to be thrown into mesh again, so that the 
counting gear gives a new counting of speed every alternate 
second. 

In Fig. 5 C is a counting gear with stop pin F which engages 
a flat strip H free to turn about the center of the unit. This 
arm in turn engages stop pin G on a ratchet gear E so that as 
the counting gear turns the ratchet gear, E is turned also. E 
is fastened to the center staff which carries the pointer. 

A locking lever which holds the ratchet gear in place is lifted 
for a short interval by the lower cam E (Fig. 3), once during 
each cycle of operation. During a complete cycle of operation 
involving four movements of the fly or a period of two seconds, 
the following actions take place: the small gear is thrown into 
mesh with the counting gear for one second, the pointer is 
brought up to a position which indicates the average speed 
during that second, the small gear is then thrown out of mesh 
and at the same time a locking lever drops into place and holds 
the counting gear in its advanced position; at the same time 
the locking lever on the ratchet gear is released so that the 
latter can drop back through the action of its spring to register 
reduced speed. If there should be a reduction in speed between 
one eyele of operation and the next, the upper locking lever 
holding the counting gear is then released by the action of the 
top cam, Fig. 3, and a spring returns the counting gear to its 


Fic. 5. Counting MecHANISM 

Van Sicklen instrument the watch used is unaffected by tem- 
perature variation on account of its complicated balance. The 
following results were obtained by the Bureau of Standards at 
Washington, D. C., upon the average of all of the production 
samples submitted. 

The maximum calibration error based on a full seale reading, 
was about .3 of 1 per cent. The change caused by 150 hr. of 
vibration and running was about .2 of 1 per cent, while the 
greatest temperature error, range of temperature from + 40 
deg. Cent. to — 10 deg. Cent. was a little over .1 of 1 per cent. 
Inasmuch as this instrument is readable to the nearest 10 r.p.m. 
it will be seen that the errors are less than the smallest divisio. 
that can be read on the tachometer. 
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New Passenger Zeppelin 

A new Zeppelin airship, named Bodensee, on its maiden trip 
from Friedrichshafen to Berlin, attained a maximum speed of 
75 miles an hour. 

The builders of the new type of machine have discarded 
the familiar cigar shape of the old Zeppelins and adopted a 
streamline hull shape. 

The Bodensee is 120 meters long and accommodates thirty- 
five passengers. It is equipped with wireless telegraphy and 
has a spacious passenger cabin. The passengers are able to 
obtain running hot and cold water. The aireraft is to go-into 
a daily service. 


British Seek Mail Data 


That the American aerial mail service is é:tracting inter- 
national attention is indicated by the receipt of a letter from 
Winston Spencer Churchill, British Air Minister, to John A. 
Jordan, superintendent of the Cleveland-Chicaz.: air mail divi- 
sion, in which he seeks all possible data on the system. The 
letter has been forwarded to Washington. 

Mr. Churehill’s letters bring data on British air systems and 
says Great Britain is seeking every possible method to im- 
prove and cevelop aerial travel. 


New Air Routes 
The Curtiss Aeroplane and Motor Corp. has announced plans 
for three air routes for passenger service. They will be to 
Rochester, Syracuse, Utica and Albany; to Erie and Pitts- 
burgh, Pa., and across the Canadian border to Hamilton an? 
Toronto. The State route will be opened this fall, but the 
other two probably will not be in operation until spring. 














Prediction of Airplane Performance 
By I. M. Laddon 


Aeronautical Engineer, U. S. Air Service 


The following method of estimating airplane performance 
was outlined to the author by Lieutenant Alkan of the French 
Aviation Mission. It consists in comparing the airplane whose 
performance is to be found with the actual performance of an 
airplane of similar type on a power and a surface loading 
basis. 

The actual performances of three different types of airplanes 
are given on the chart. These airplanes are all good, clean 


Example—Twin engined airplane: weight, 7200 lb.; horse- 
power, 800; surface, 900 sq. ft. 

The obvious plane to use for comparison is the twin-engined 
bomber. 

1. Find the intersection on reference line B of a straight line 
through the propeller efficiency and horsepower. 

2. Join this point to the surface and note the intersection on 
line V. 
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CHART FOR ESTIMATING AIRPLANE PERFORMANCE 


designs; therefore, when comparing an airplane that is poor 
aerodynamically with any one of the above, an allowance 
should be made in the high speed obtained. In extreme cases 
this allowance may run as high as 10 m.p.h., but for all or- 
dinary designs no allowance need be made. The ceiling is not. 
correspondingly affected. Curves of actual performance shown 
include the three common types: (a) Single-place scout. (b) 
Two-place fighter or reconnaissance airplane. (c) Three or 
four-place, twin-engined bomber. By selecting the proper type 
for comparison one can make an accurate prediction. 

It has been the author’s experience that the results obtaine1 
through this simple method are much more reliable than those 
given by the old laborious method of computing the parasite 
resistance, horsepower required, available, ete. It should prove 
quite useful to the designer, since it affords a rapid and ac- 
curate means of estimating how changes in weight, surface or 
horespower affect the performance of the plane in question. 
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3. Find the intersection on reference line ( of a straight 
line through weight and surface. 

4. Join point on reference line C to point on reference line 
B, and note intersection on line A. 

The linear difference between the points found on lines A 
and V and the corresponding points given for the plane which 
it is being compared with are the measures of the relative ceil- 
ing and speed. . 

5. Construct a curve similar to curve C, using ordinates in- 
creased (or decreased) by the difference in altitude (C-K) and 
abscissae increased (or decreased) by the difference in speed 
(C-K). 

6. From the point of absolute ceiling (HZ) draw curve par- 
allel to curve D. 

This curve gives the fninimum speed for horizontal flight at 
given altitudes, while the curve first constructed gives the high 
speed. The enclosed area is the speed range. 











Reducing Shrinkage and Swelling in Laminated Wood 


Construction 


By J. S. Mathewson 


Engineer in Forest Products, U. S. Forest Products Laboratory 


One of the results of the enormous and unprecedented de- 
mand upon our timber resources during the war was the de- 
velopment of new methods of utilizing more efficiently the 
available supply of timber, among them the development of 
the use of small pieces of wood glued together and then ma- 
chined or cut to any form. It is the purpose of this article to 
diseuss briefly a number of the more important factors which 
relate to the wood itself and upon which the satisfactory use 
of wood in laminated construction largely depends. Gluing is 
not considered. It may be stated incidentally, however, that 
numerous experiments on the gluing of various species have 
been made at the Forest Products Laboratory of the U. S. 
Forest Service at Madison, Wis., and have afforded informa- 
tion which has been used as a basis for formulating specifica- 
tions for the successful use of glue. 

_ Besides the stresses in laminated construction, such as an 
airplane propeller, strut or wing beam, due to external forces, 
other stresses, called internal stresses, exist which are due to 
forces acting between or within the laminations. In some cases 
they may be of sufficient magnitude to cause serious weaken- 
Ing, and may independently, or in combination with stresses 
due to external force, result in failure of the structural mem- 
ber. The great importance of this fact is indicated by the very 
large percentage of propellers which have been rejected as a 
result of the effect of internal stresses. 


Some Shrinkage Characteristics of Wood 


If a stick of green timber is dried gradually it will retain 
the same dimensions until the moisture content of some part 
of it reaches the fiber saturation point, which for most species 
corresponds to a moisture content of between 20 and 30 per 
cent, based on the oven-dry weight of the wood. As the drying 
continues below this point, however, the moisture begins to 
leave the cell walls and shrinkage ensues. 

Investigation has shown that for most species the shrinkage 
around the tree, or in a tangential direction, is much greater 
than that from the center toward the circumference, or in a 
radial direction. The width of a plain or flat-sawn board is 
in the circumferential direction, while that of a quarter-sawn 
is in the radial direction. For a given change in moisture 
content, the shrinkage in the width of a quarter-sawn board 
averages about 0.6 as great as that of a plain-sawn. In gen- 
eral, the shrinkage parallel to the axis of the tree is negligible. 

Shrinkage is closely related to the density of wood; dry 
wood when exposed to very moist air absorbs moisture and 
swells. Conversely, wood dried to practically constant condi- 
tion in a normally dry climate, if exposed to exceptionally dry 
conditions loses more moisture and shrinks. Two pieces of 
wood of a given species when exposed continuously to the 
same conditions of temperature and humidity will ultimately 
come to practically the same (within about 1 per cent) mois- 
ture content, irrespective of their relative moisture contents 
when first exposed to such conditions. 

Quarter-sawn and plain-sawn boards differ in their rate 
of drying, and even individual pieces cut from a tree in the 
same manner differ in this respect. Not only do dense pieces 
shrink more than light pieces, but they also dry more slowly. 
Position in the pile in air seasoning or in a kiln or drying 
chamber, of course, has a large influence on rate of drying. 


Possible Effect of Shrinking on Laminated Construction 


Suppose a flat-sawn board be glued between two quarter- 
sawn boards all having the same moisture content. Under 
subsequent changes of moisture content the flat-sawn board 
will, as noted above, tend to shrink or swell more than the 
quarter-sawn boards. This difference will set up a shearing 


stress in the glued joint. As a result the glued joint may give 
way entirely, it may partially hold, or it may hold perfectly. 
In either of the latter cases the center piece will be under 
stress in tension across the grain and, consequently, under 
tendency to split. 


This tendency may become localized and 





result in a weakening of the wood fibers, the effect of which 
may be visible or invisible. From these considerations it is 
evident that better results would be secured by“ having all the 
laminations either plain-sawn or quarter-sawn, so that the 
difference between the shrinkages of adjacent laminations 
would be reduced to a minimum. In general, still better results 
would be obtained by the use of quarter-sawn boards, since 
they shrink considerably less than flat-sawn boards; quarter- 
sawn boards also dry less rapidly. This characteristic would 
tend to cause additional stresses in a glued joint between quar- 
ter-sawn and flat-sawn laminations. 

Again, if the several laminations differ in moisture content 
or in density these factors may affect to a marked degree the 
relative shrinkage of the laminations, and consequently the 
strength of the glued joint. 

It is possible, moreover, that the conditions cited in the two 
preceding paragraphs may exist in combination and further 
complicate the difficulty of securing satisfactory construction. 
For instanee, suppose that a propeller consists of alternate 
laminations of flat-sawn, quite dense boards at a relatively 
high moisture content glued up with boards which are quarter- 
sawn, less dense, and at a much lower moisture content when 
glued. The tendency of the flat-sawn laminations to shrink 
or swell with subsequent changes of moisture content will be 
very much greater than that of the others, with the result that 
internal stresses of” considerable magnitude will be developed. 
It is apparent, therefore, that these internal stresses may com- 
bine with the stresses from external causes to produce failure 
under smaller external load than would be the case if more 
care were taken during the manufacturing process. 

Moisture Content Same as in Service 


It is very desirable not only to have the moisture content 
of the individual laminations the same at the time of gluing, 
but also to have it approximate that to which it will ultimately 
tend to come in service. For example, a propeller to be used 
in a hot, dry climate, such as that of the Mexican border, should 
be constructed of laminations having a lower moisture content 
than one to be used in a more humid climate such as that of 
Flanders. 

Hints for the Manufacturer 

It is worth while now to consider how the manufacturer can 
satisfy some of the conditions necessary for successful manu- 
facture involving laminated construction. 

Quarter-sawn material usually includes boards in which the 
angle made with the radial surface by the annual growth rings 
(as shown in a cross section) is 45 deg. or more. In ease the 
manufacturer’s stock consists of mixed flat-sawn and quarter- 
sawn boards, an improvement will be made if these boards 
are divided into three groups—quarter-sawn, flat-sawn and in- 
termediate. A structural member could then be made entirely 
from boards of one group, which would minimize one source of 
difficulty. Further, a subdivision of the boards into separate 
groups according to their densities is advisable-in order to 
prevent the use of boards in the same member if they differ 
considerably in density. 

In order to obviate, so far as may be possible, troubles 
arising from differences in moisture content, it is very desir- 
able that after the boards have been kiln dried they be stored 
under proper conditions of temperature and humidity for a 
sufficient length of time to permit them all to come to the same 
moisture content before gluing. This will minimize the mois- 
ture changes during and subsequent to manufacture. 

An additional storage after gluing and before the first 
roughing-out is advantageous in that it allows the moisture 
introduced with the glue to be uniformly distributed through- 
out the laminations. 

In many eases the deleterious effect of internal stresses may 
be minimized by using quarter-sawn material graded according 
to density or dry weight and having a moisture content ap- 
proximating that to which it will eventually come in service. 
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Propellers of R-34 


EFORE starting the homeward trip inspection 

of the propellers of the British dirigible R-34 
showed that the flight to America had badly in- 
jured the varnish, leaving the laminated blades in 
a dangerous condition. 


At Major Scott’s direction Valspar Varnish was 
used to refinish the propellers because he knew that 
Valspar was absolutely waterproof and elastic enough 
to stand the terrific vibration without cracking. 


The photograph shows the Valentine crew at 
their difficult task of Valsparring the stern propel- 
ler while the giant dirigible swung hundreds of 
feet back and forth across the field. 


Hardly an hour after the varnishing was finished 
the remarkable drying qualities of Valspar were 










VALENTINE’S 


The Varnish That Won't Turn White 





SPAR 











The Valentine Crew Valsparring 
the stern propeller of the R-34 


protected with Valspar— 


accidentally proven when tons of water ballast 
were dumped on the forward propeller, and a few 
moments later the hot engine exhaust beat against 
it for ten or fifteen minutes. But already the 
Valspar had set and no harm was done. 


In air service as in marine work you can 


always depend atsolutely on Valspar — it is acci- 
dent-proof. 


VALENTINE & COMPANY 
456 Fourth Ave., N. Y. 


Largest Manufacturers of High-grade Varnishes in the World 
Established 1832 
New York Chicago CENT Boston Toronto 
London VA IsHLO Amsterdam 
TRADE MARK 
W. P. FULLER & CO., San Francisco and Principal Pacific Coast Cities 
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Ace Motored Single-Seater Ace Biplane after flying to Taylor 
Field. Montgomery. Alabama. 


Price, $2,500 


tive V3 Sue + hikes bay . : ; ; Slee! Sie. he A yD egy * Sabie 

eee Er Al a OST he, aah Sean a : nt ks i ot on 
C. M. Swift, General Offices _ 
Gen. Mer AIRCRAFT ENGINEERING CORPORATION — 2 wast Ena ave.,'s. ¥ 

™‘ché. Engr.” Sales Offices : 220 West 42nd St., New York * 535-7 East 79th Street 

meee See. The Ace Flying Field, Central Park, L. I. OPE wy 5 ee 





Sales Mer. 
re Ine largest selling 


quality pencil in 


ECAUSE of their silky smoothness and 
uniform dependability, VENUS 
PENCILS are in constant use in the draft- 
ing rooms of aeroplane manufacturers and 
by their pilots throughout the world. 


To know the dependable and uniform 
quality of VENUS in every 
Pu frees mar , degree, write today for 


samples of the degrees of 
lead which you prefer. 


American Lead Pencil Co. 


242 Fifth Avenue, New York 


and Clapton, London Eng. 
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THOMAS- 
MORSE 


Tandem 
2-Seater, 
Type S-6 


Equipped with 
80 bh. p. 

Le Rhone 
Engine. 





_ High speed, 
105 M.P. H. 


Landing speed 
35 M. PH. 


Climb 7,800 ft. 
in first ten 
minutes. 






































THOMAS ~MORSE AIRCRAFT CORPORATION 





ITHACA .N.Y.U.S.A. 





















Let Us Buitp tHE House ror Your “ Supe” 
Baker Hangars Met the Exacting Government Requirements 
We have been making quality canvas products for fifty years. 
CLOSE FIT COVERS COCKPIT COVERS 


FUSELAGE COVERS PROPELLER COVERS 
AND A FULL LINE OF AIRPLANE ACCESSORIES, Write for particulars. 


BAKER AND LocKkwoop Mrc. Company, DEPARTMENT A 


We also make: 


ENGINE COVERS 
LIFE BELTS 


KANSAS CITY, MO., 
Seventh and Wyandotte Streets 


NEW YORK, 
473 Kent Avenue, Brooklyn 
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THE MACHINE YOU WILL EVENTUALLY FLY!! 











MARYLAND PRESSED STEEL CO., (AIRCRAFT DEPT.) | 


Sales Manager, HARRY E. TUDOR 299 MADISON AVE., NEW YORK CITY 





























MERCHANTS FIRE ASSURANCE CORPORATION 
OF NEW YORK 





AVIATION DEPARTMENT 





Is now issuing policies covering the following hazards to aircraft: 


1. Fire and Transportation 
2. Collision (damage sustained by the plane itself) 
3. Property Damage (damage to property of others) 


Additional coverage may be had against loss by windstorm, cyclone or tornado. 


Austen B. Crenore, Manager, Aviation Department. For two years pilot 
in Lafayette Flying Corps and previously with this company since 1910. 


We should be glad to discuss with those interested the various phases of insurance on Aircraft. 


MERCHANTS FIRE ASSURANCE CORPORATION OF NEW YORK 


45 JOHN STREET, NEW YORK CITY 
Fire—Automobile—T ornado—Explosion—Riot and Civil Commotion 
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a WY; ontractors -to-the-Army, 
SS BC Navy-and-Air-Mail-Service 


, ‘-LW-F- Engineering-Co-nc., 
ae -College Point. ‘New-York - 


ATLAS WHEELS 


Are daily gaining in favor with manufacturers and pilots of aircraft because: 























They Absorb Shocks | They Are Stronger They Are More Reliable 





Standard sizes carried in stock. Inquiries and orders will receive prompt attention. 


THE ATLAS WHEEL COMPANY 


ROCKEFELLER BUILDING CLEVELAND, OHIO 
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N. 8. E.&. 
ADORESS BUREAU OF STEAM ENGINEERING, NAVY DEPARTMENT. 


AND REFER TO NO. 419433-736-5-DA 


NAVY DEPARTMENT. 
EncLosuras. BUREAU OF STEAM ENGINEERING, 


May 241919 






















Gentlemen: 


The bureau desires to express its apprec- 
iation of the splendid co-operation recently ex- 
hibited by your organization when you were called 
upon to build, in the period butween 4 P.M, Satur- 
day, May 10th, and 7 P.M. Monday, May 12th, twelve 
10 ft. propellers for installation on the NC-l, 
NC-3 and NC-4 flying boats in their flight from 
Newfoundland. 


The very successful manner in which you 
complied with this difficult request established 
@ record of which you may well be proud, 


- - 


Very respectfully, 


Enginser-in-Chief,USI. 
Chief of Bureau, 








Amerioan Propeller & Mfg. Co.,. 
Baltimore, Md. 















a counterbalanced aviation 
crankshaft .... 


Patented July 10th, 1917 


‘one of the 18 different 
models we are now making _ 
for 14 aviation motor companies .. . 


reduces vibration and eliminates bearing pressure 
We have shipped 46,637 Aviation Crankshafts to January 16, 1919 


THE PARK DROP FORGE CO. CLEVELAND, OHIO 
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A Dependable Source Specializing on 


AIRCRAFT 
PRECISION SCREW 
MACHINE PRODUCTS 


Preferably parts of Nickel and 
Alloy Steels machined from 
Bar Stock, held to close toler- 
ances, hardened and ground. 


A character of work where ac- 
curacy and quality are the de- 
termining factors. 


Permit us to quote you on 
your requirements. 


ERIE SPECIALTY Co. 


Erie, Pa. 


New York Office, 8 West 40th St. 
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William G. Ranels 
512 Fifth Avenue 


New York City 


Commercial, Military and Sporting 














HIGHER THAN THE HIGHEST MOUNTAIN 











a, 
fe. v) 4 
ae 





6 MILES UP—30,500 feet in the Air. 70° Fahr. of Frost 


on a two-seater D.H.9, with 450 b.p. Napier “Lion” 
Engine, using Ths tie ens 
perature (38 de- | 
rees below 
) at which 
Castrol “R” 
remai flui 


sat 














(Kaecing) proved lubricant for 


a tests, | 
C. C. WAKEFIELD & CO., LIMITED 
Wakefield House. Cheapside, London. E. C. 2, Eng. 























THE WORLD’S ALTITUDE RECORD Rey 
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YALE BLOCKS SPEED 
UP REPAIRS 


i ae speedily, safely the 
Yale Spur-Geared Chain Block 
handles Cylinder Blocks, Parts or 
the whole Engine or Machine. 


They lift the load to any height, 
hold it safely suspended when the 
operator lets go of the hand chain 
and lower so smoothly that the load 
can be held at precisely the line 
desired. 


Put Yale Blccks on the job for 
real lifting efficiency. 


‘“*From Hook-to-Hock-a-Line-of-Steel”’ 


Ask your Machinery Supply House or write 
for catalog. 


For a Factory Locking Equipment 
use a Yale Master-Key System 


Write for particuiars. 


The Yale & Towne Mfg. Co. 
9 East 40th Street New York City 
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LTON SIX 


—, METAL WORKING pej@ijcjooe 
Me i} LATHE : : 
— =p) -— = : Actual Swing 7 4dnches o 
fm 4] MODEL TYPE “B-4” | 


| i) 30 OR36INCH LENGTHOFBED |B) 


rai 
' 


Tl 


Ne. 2B PLAIN MILLER 


Single Pulley Drive 
12 changes to spindl No. 9 taper in spindle. 
6 changes to each spindle speed Table 8} x 37° 
Hardened machine steel gears throughout insure 
maximum driving power at all speeds. 
We also build Universal Millers, Dividing Heads, 
Vertical Attachments and Vises. 





Write for Circular 


THE FOX MACHINE COMPANY 


MANUFACTU RED BY 
IKA( im CO TION 1810 W. Gavson St., Jackson, Mich. 
UFACTURING CORPORATION | Sesenasiy of Gri ea 


NEW YORK U.S.A. CABLE ADDRESS“ALEDAL’ NEW YORK 


FUEL LEVEL || SPRUCE LUMBER 
GAGES for 


Airplane Construction 

















This cut shows our 
Model 51 Gage 
which is standard on OR: twenty years we 
pee a ape | have been exclusive 
nay SiR manufacturers of PACIF- 

IC COAST SPRUCE 
Other types of gages LUMBER. Our product 
in large quantities is from the very best forests 
are “doing their of SITKA SPRUCE. 


bit” as part of the 
equipment of Eng- 
lish Government 
Warplanes. 


SPECIAL TYPES DESIGNED MULTNOMAH LUMBER 


FOR YOUR ESPECIAL NEEDS 


BOSTON AUTO GAGE CO. & BOX COMPANY 


8 WALTHAM STREET, _ BOSTON, MASS. PORTLAND OREGON 


We solicit your inquiries 
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You can dispense with the 
preliminary block test— 


by finding the R.P.M. of airplane motors, 
prior to the final tachometer rating, with a 


Needor 


SPEED COUNTER 





= 


yo hold the Veeder against revolving propeller shaft; apply 
slight pressure the moment you start timing; release pressure when 

minute is up. Clutch starts or stops recording mechanism in- 

rong 4 giving accurate readings without use of stop-watch. 
rice. 


Aaswtd, 





Veeder Counters for recording the pr of 
are standard for all indusirias purposes. Write for ee 


The Veeder Mfg. Co. 


56 Sargeant St., Hartford, Conn. 
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A Gift of Distinction 
Our Very Latest 





MINIATURE AIRPLANES 


Correct in Every Essential Detail 





SCARF PINS and BAR PINS 


Made in 14kt Gold Only 


Insignia in Hard French Enamel 
Price—Scarf Pin, $10.00; Bar Pin, $15.00 


ARTHUR JOHNSON MFG. CO., Ine. 
Manufacturing Jewelers 
MEDALS, EMBLEMS and TROPHIES 
Originators of Aircraft Jewelry 


14-16 Church Street New York 














Aluminum Company of America 


General Sales Office, 2400 Oliver Building 
PITTSBURGH, PA. 


Producers of Aluminum 








Manufacturers of 


Electrical Conductors 


for Industrial, Railway and Commer- 
cial Power Distribution 

also 
Ingot, Sheet, Tubing, Rod, Rivets, 
Moulding, Extruded Shapes 


also 


Litot Aluminum Solders and Flux 


CANADA 
Northern Aluminum Co., Ltd., Toronto 


ENGLAND 
Northern Aluminium Co., Ltd., London 


LATIN AMERICA 
Aluminum Co. of South America, Pittsburgh, Pa. 











Fahrig Anti-Friction Metal 


The Best Bearing Metal on the Market 
A Necessity for Aeroplane Service 





Fahrig Metal Quality has become a stand- 
ard for reliability. We specialize in this 

. ome tin-copper alloy which has superior 
anti-friction qualities and great durability 
and is always uniform. 


When you see a speed or distance record 
broken by Aeroplane, Racing Automobile, 
Truck or Tractor Motor, you will find 
that Fahrig Metal Bearings were in that 
motor. 


FAHRIG METAL CO.,34 Commerce St.,N.Y. 
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FOXBOR 


TRADE MARK 


Pittsburgh 


New York 


Chicago Philadelphia 





QUALITY INSTRUMENTS FOR AIRPLANES 


Indicating Dial Type Thermometers for 
circulating oil and water. 
Airspeed Indicators to determine buoy- 
ancy and avoid stalling. 
Oil Pressure Gauges 
Air Pressure Gauges 
The Foxboro line includes many other types of Indicating and Recording Instru- 
ments designed for all sorts of conditions and purposes. 
Bulletin No. BI-110 describes our Airplane Instruments. 
THE FOXBORO CO., Inc., FOXBORO, MASS., U.S. A 


Peacock Bros. 


Montreal, Canada Birmingham San Francisco 








Flottorp Manufacturing Co. 


AIRCRAFT PROPELLERS 
Established 1912 


213 Lyon St., Grand Rapids, Michigan 








Contractors to United States Government 











D’Orcy’s Airship Manual 


“A singularly timely and useful work, 
which does for the aerial navies of the 
world something like what Brassey’s 
Annual does for the marine fleets.”—New 
York Tribune, June 8, 1918. 


$4.00 


THE GARDNER-MOFFAT CO., INC. 
22 East 17th Street New York 











New York Flying School 
A LIMITED NUMBER 


OF 


SELECT STUDENTS 


are being enrolled for tuition at the above school situated 
within minutes of Times Square (in New York State) 
under the instruction of American “ Aces” and retired 
service instructors using modern military training ’planes. 
EVERY BRANCH of aeronautics, from ground mechanics 
to Cross Country flying with map and compass will be in- 
cluded in the course. 


COMPLETE COURSE 
as all flights for Civilian License $500.00 with no 
charge for breakage. 
For further particulars, apply by mail to 
D. L. LAMB (lately Military Aviator) 
11 East 38th Street New York City 
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Specialists in Heat- 
Treating Vanadiums 









New York Wire @& Spring Company 
586 Washington Street, New York 














“CARBURETOR 


AVERY Liberty Aircraft 
Engine built is equipped 


with Zenith Liberty Carbure- 
tors—the reason is clear to 
Zenith users. 


Zenith Carburetor Co. 


NewYork DETROIT Chicago 




























are made by the 


WORLD’S LARGEST 


Manufacturers of Die-Castings 


DOEHLER DIE-CASTING Co. 
MAIN OFFICE AND EASTERN PLANT WESTERN PLANT 
BROOKLYN, N.Y. TOLEDO, OHIO, 
SALES OFFICES IN ALL PRINCIPAL CITIES 
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RELIABLE 
HIGH DIRECTIVE 
FORCE. eee #8 
LIGHT WEIGHT 


waiTre. FOR 
INFORMATION 


PIONEER 
INSTRUMENT 
CcOoOMPANYW 
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Half of the 
American airmen 
have proved the 
Berling’s worth. 


Berling Magneto 


__WORTH MORE MORE _ 





LEARN TO FLY 


in old established school, under an instructor who has 
given instruction to more 


AMERICAN ACES 


than any other instructor. 


Army Training Planes Used. 
We Build Our Machines. 


PRINCETON FLYING CLUB, Princeton, N. J. 
WEST VIRGINIA AIRCRAFT CO., Wheeling, W. Va. 
DAYTONA FLYING CLUB (Winter), Daytona, Fla. 


PHILBRIN 


DUPLEX IGNITION 


—with a second system to 
spur the motor to super-service 





COMBINES two separate and distinct systems in one—a Single 
Spark System, most economical of gas, and offering vastly 
increased power. A Secondary or High Frequency System 
which delivers to each cylinder a stream of a thousand sparks 
a second—overcomes abnormal conditions, such as foul spark 
plugs, poor fuel, poor carburetion, and cold cylinders—offers 
100% Assurance against ignition failure. 

Easy to install, moderate in price. Descriptive catalogues and 
our special sales proposition on request. 


PHILIPS-BRINTON COMPANY 
501 So. Broad Street Kennett Square, Pa. 








PIONEERS IN THE MANUFACTURE OF PROPELLERS 







Formerly 
Batablished 1910 


We carry a large variety of propellers in stock. (No rejects.) 
Contractors to United States Government. 


Eacelsior Prop, 00. 









ROEBLING 


AIRCRAFT WIRE, STRAND AND CORD 


Send for Aircraft Catalogue—A-246 
JOHN A. ROEBLING’S SONS CO., TRENTON, N. J. 











CAPITAL JIGS 


VorinDeR STAMPINGS ies 


E realize sm atry or at sea there should be #o 

feulty material. All machine parts must be 

made right and perform their functions properly, 
hence we have equipped our new plant to turn out work 
of the highest quality. We offer our facilities to you 
aud trust we may be of service. 


Will you give us a trial? 


LANSING STAMPING & TOOL Co. 


LANSING. MICHIGAN 

















AMERICAS SUPREME IGNITION SYSTEM 


AMERICAN BOSCH MAGNETO CORPORATION 
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AIRPLANES——DEVELOPERS OF SPECIAL AIRCRAFT——-SEAPLANES 


WITTEMANN-LEWIS AIRCRAFT COMPANY, Inc. 


BUILDERS SINCE 1906 


NEWARK 


NEW JERSEY 














“EMAILLITE” 


Five Dollars a Gallon 


The Premier French “Cellulose Acetate ” 
Airplane Dope 


Manufactured by the 


AMERICAN EMAILLITE COMPANY 
549 West Washington Street, Chicago, Illinois. 











ENGINEERS 


Airdromes—Fields, Equipment, Operation. 
Aircraft—Design, Construction. 
Aerial Transportation. 


United Aircraft Engineering Corporation 
52 Vanderbilt Avenue 
New York 








AIRPLANE INSURANCE 
FOR THE 
Manufacturer—Flyer 
Fire—Collision—Damage to Property of Others 


Legal Liability—Life—Personal Accident 
Conservative Rates—Best Companies 


PHONE—W RITE—WIRE 
HARRY M. SIMON 


Insurance Expert 


81 Fulton Street New York, N. Y. 











HARTSHORN STREAMLINE WIRES 
ASSEMBLED WITH HARTSHORN 
UNIVERSAL STRAP ENDS 

. MAKE THE IDEAL AEROPLANE TIE RODS 
All streamline wires heat treated in process and produced 
by eur carefully developed method of cold reverse rolling, 
will meet the most exacting tests. 
Send for our descriptive circular A-1, describing our wires and terminal fiting 
STEWART HARTSHORN CO. 
250 FIFTH AVENUE, NEW YORK 


Ss 




















FREDERICK W. BARKER 


REGISTERED PATENT ATTORNEY 
2 RECTOR STREET NEW YORK 


Telephone 4174 Rector Over 30 Years in Practice 





PRESIDENT 
AERONAUTICAL SOCIETY OF AMERICA 
FROM 1915 TO 1919 


4 








SPECIALTY: Patent Claims That Protect 








NEW ano USED AIRPLANES ano MOTORS 


Offer, among others, the following Seaplanes and 
Flying Boats 
Curtiss JN4 Seaplane 
Thomas Seaplane 
Standard Seaplane 
Aeromarine Seaplane 
Curtiss Flying Boat 
- Thomas Flying Boat 
USAC twin motored 4 passenger flying boat and others 
Land machines Aeronautical motors 
Tractor biplanes 30 to 300 HP. 
Send for lists “ AN” State your needs 


Cable Address: USAE, New York 
Long Distance Phone: Cortlandt 449 


“.S.ALRO LEN CHANGE wew york cry 





CLASSIFIED ADVERTISING 


1@ Cents a word, minimum charge $2.00, payable in advance. 
Address replies to box numbers, care AVIATION AND AERO- 
NAUTICAL ENGINEERING, 22 East 17th Street, New York. 





WANTED—Have good proposition for aviator with flying 
license. Address Box 35, Sherburn, Minn. 





Chief Draughtsman Automobile Bodies 
BREWSTER AND. COMPANY, Manhattan Bridge Plaza, 
Long Island City, are looking for a chief body draughtsman 
with executive ability to supervise all designing work in its 
body drafting room, consisting of about twenty men. Must 
have experience in designing oil pipes of open and closed 
bodies and be familiar with modern production methods. 





FOR SALE—1 Hispano-Suiza 100 hp., four cylinder, air- 
plane engine. New. Same condition as received from factory. 
Address Mullins Body Corporation, Salem, Ohio. 











September 1, 1919 


AVIATION 








INDEX TO ADVERTISERS 








A 


Aeromarine Plane & Motor Co............... 
Aireraft Engineering Corp .................. 
AR CNN TI in of Sik sete ch to eS he 
Aluminum Co of America ...............225: 
American Bosch Magneto Corp .............. 
Ape SO GH 5 oe Finish de hice k63 ss 
American Lead Pencil Co ...............605- 
American Propeller & Mfg. Co.............. 
RE ee SI a EF Rea Chee eee Kaa Kes 


B 


Baker and Lockwood Mfg. Co ................ 
Be oe nas. ob coe wean Ce emeae bbe ile nse 
I Oe Or ee 
ee et Re ee yee ee ey 
British and Colonial Aeroplane Co., Ltd....... 


C 


Curtiss Aeroplane & Motor Corp ............. 


Dalton Manufacturing Co ...............e08- 
De: Fre 8 oe Fi nec ek Rios baeneas 
Doehler Die-Castings Co 


E 


Eriesson Manufacturing Co .........+........ 
yp RR era San i ee 


Paeaet Beets TOO. 5 is oo ese Se a 
Fox Machine Co 
Foxboro Co., The 


Hall-Seott. Motor Car Co oo... ccccevsscoccecss 
Hartzell Walnut Propeller Co .............. 
Jae One “Te, WO Wek ok eee eas 6 S88 


L-W-F Engineering Co., Inc., ................ 
Lansing Stamping & Tool Co ................ 


Masti Whe (ieee: Bi Cbs 5s Fo i ek kes 
Maryland Pressed Steel Co ................. 
Merchants’ Fire Assurance Corp. of N. Y...... 
Multonomah Lumber and Box Co............ 


109 


142 
113 
149 
151 
152 
142 
146 
145 


143 
152 
151 
148 
147 


148 
151 
150 


151 
147 


149 
148 
150 


107 


-108 


114 


106 
144 
144 





~Wright-Martin Aircraft Corp 


N 
New Departure Manufacturing Co .......... 
New York FPlymg School .. 6.00... ccc ecsees 
P 
Pe re PN GOs cod da ccedes ac ebuccecnes 
PN a oid rcs ie chic bee webe os 
eb re errr rere 
Premeoten Piving Cia so. co sass ccc ccc ecces 
R 
I, SR Nd oka ed a ean 6 aaa kaa 
Roebling’s Sons Co., John A .............4.- 
PE CRIMES 2p cntivas << oikwyn cee otuaae ince 
S 
ee reer re rrr 
Ste. Bowew Fees Cec ki cies sc veces 
PD ON AD 5 5 d's bd S aii edseccenedaed 
ee A. EO SEE d. soo tues oaneees oes 
T 
Thomas-Morse Aircraft Corp ................ 


ANNIE RN ee eo a ele 
UU PUNO, No a os Walp ele a a ees 
United Aireraft Engineering Corp 
as, Bs Sy a oped 5 1 i'G-s 8 o:8s 0.42en 00. 
United States Navy Department .............. 


eee ee eeeee 


ee 


W 
po Bt eS: renee 


Wet Virgie Biveweks Ck. oie ce cwsiccoss 
Wittemann-Lewis Aircraft Co ................ 


eB PP a err eae ee 
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SALE OF NAVY SEAPLANES 
F-BOATS—SPARES—CURTISS ENGINES 
AT PENSACOLA, FLA. 


There will be offered for sale 20 September, 1919, at the Naval Air Station, Pensacola, Florida, nine 
(9) NAVY F-Boats, miscellaneous spares for F-Boats, including wings, ailerons, clippers, rudders, skid fins, 


stabilizers and wing floats; also Curtiss Engines. 


The boats, spares and engines are in good condition. Information and schedules of sale giving full 
description can be obtained by appligation to the Commandant, U. S. Naval Air Station, Pensacola, 


Fla. Inspection is invited and may be arranged for with the above named Officer. JOSEPHUS DANIELS, 


Secretary of the Navy.—8-22-19. 
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(REG. U.S. PAT. OFF.) 


AIRPLANE ENGINES 


HAVE BEEN FLYING FOR TEN YEARS 


They are the product of skilled 
engineering and manufacturing 
experience running through 

three generations. 


Latest types aré now available 


Sturtevant Model 5A—4% Our new Catalog, No. 259, will interest you 


B. F. STURTEVANT COMPANY 
HYDE PARK, BOSTON, MASSACHUSETTS 


Members Manufacturers’ Sa > Aircraft Association 
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Alfred Decker & Cohn delivering Society Brand Clothes by Curtiss Planes 


F the Aeroplane appeals to 

your Imagination—and 
Fascinates you with its Possi- 
bilities—for Constructive, 
Permanent Advertising 


GET THESE/’FACTS 


The initial cost is no more 


than a motor car of the same ak ; 
Lord & Taylor delivering merchandise 


power. by Curtiss Plane 


They are safe and easy to 
operate. 

The upkeep is less than a 
high-powered car. 


“ 
] | | 
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The public eye is on it. 
The early birds are getting 
the worms, bacon, ’nevery- 


Iu 


KAI 


cA 


thing! 
Immedtate Deltveries 


There is a splendid opportunity for dealers to 

become identified with this profitable industry. 

Get in on the ground floor by writing for our 
sales plan for your territory. 


CURTISS AEROPLANE AND MOTOR CORPORATION; Sales Offices: 52 VANDERBILT AVENUE, NEW YORK 
CURTISS:ENGINEERING CORPORATION, Gardena City, Long Island THE BURGESS COMPANY, Marblehead, Mass. 


Member Manufacturers’ 5 tao Se Aircraft Association 
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